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MACHINE CUTTING TORCHES 


Two Hose Type Three Hose Type 


MT-200 SERIES for medium pressure acetylene. MT-300A SERIES for medium pressure acetylene. 


MT-200 LPCG SERIES for low or medium pressure fuel § MT-300A LPCG SERIES for low or medium pressure fuel 
gases such as city, natural or petroleum gases. gases such as city, natural or petroleum gases. 


Designed for general purpose machine cutting. All commercial fuel gases 
commonly used for machine cutting can be utilized by selection of the 
proper size and type of Victor cutting tips and torch model. 


These New Victor machine cutting torches feature— 


Stainless steel mixing chamber. Popular quick-acting cutting oxygen valve with long 
life “O” ring packing. 


Time-tested Victor Spiral Mixer for maximum effi- 
ciency and heat resistance. 


Preheat gas valves with stainless steel ball points and 
special packing design to hold valve adjustments 
Convenient control valves for ease of operation. steady. 


For model, type and size best fitted to your needs, call your Victor 
dealer . . . or write us for descriptive bulletins. 


VicIOR EQUIPMENI COMPANY 


Mfrs. of welding & cutting equipment; hardfacing rods, blasting nozzles; 


for welding cobalt & tungsten castings; straightline and shape cutting machines. 41 


844 Folsom St., San Francisco 7 + 3821 Santa Fe Avenue, Los Angeles 58 
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4 Many fabricating plants are standardizing = 
on Hobart d-c rectifier welders 


You can show a BIGGER reduction 


in welding costs by using HOBART 
D-C RECTIFIERS! 


HMopaRT S constant development rior performance of the Hobart DC parison, if you want 


work in building better welding Rectifiers. Brings easier arc striking, high overall effi- 
equipment gives you extra feature better arc stabilization and smoother ciency and more 
advantages that let you show a big- weld metal deposit with less spatter economical operat- 
ger savings on your welding work. loss. Remote control, an added fea- REMOTE CONTROL ing and mainte- 
You can greatly expand your pro- ture, comes at no extra cost and nance in your 
duction capacity with these new, guarantees just the right heat at the welding department. Be sure you get 
faster and easier to use “diverter work without the the latest information for your file on 
path” design arc welders. These new wea need for repeated this new outstanding welder value. 
models have many time saving fea- trips to the machine Mail coupon today—no obligation. 
tures that let your welding operators for making adjust- Hosart BROTHERS Co., Box WJ-87, 
speed their work with assurance of ments. Here’s a Troy, Ohio ‘phone FE 2-1223 
high quality welds. You'll be amazed welder that justifies “One of the world’s largest builders 
at the wide welding range and supe- checking and com- of arc welding equipment” 


HOBART WELDERS 


oBART BROTHERS COMPANY, BOX WJ-87,TROY, OHIO 


i , Please send me complete information, without obligation. 
Hobart’s New Iron Powder Electrodes 


(] DC Rectifier “Rocket 24” Electrodes 
This new contact type electrode is heavily coated with iron 
powder which becomes part of the weld. Try the new Hobart Also send details on 1. 02. 3, O4 O5. 06 
“Rocket 24” electrodes (E-6024). See how they give you 
greater speed, maneuverability, trengin and smoothness. Name Position 7 


Electric Drive 2. Automatic 3.AC-DC 4.Gas Drive 5. Air-Cooled 6. Belted 


Address 
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never before a regulator | 


would you like to know more about this important question .. . 


how does a regulator work? 


Your oxygen regulator tames a cylinder pressure 
which may exceed 2200 p. s. i.; it must do so con- 
sistently, reliably and safely. 


Just how does so sensitive an instrument, so sturdy 
a regulator, work — what is pressure anyway — 
wherein lies the difference between a pressure 
gauge and a tubular flowmeter — when would you 
select a single and when a two-stage reduction reg- 
ulator — and wherein lies their difference? 


On what basis do you select a regulator to meet 
specific requirements of low or very high delivery 
pressures, or minute or very vast volume of flow? 


If you have asked yourself these and similar ques- 
tions about pressure, about the measuring of flow, 
about all of the many problems your regulator must 
solve for you, write for this new, FREE National 
regulator booklet today. 


218 Fremont Street, San Francisco 5, Calif. 
Please send FREE ‘Regulator’ booklet. 
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Resistance welding set-up at Donaldson Co 
makes seam welds at 85 inches per minute, 
at pressure of 1100 Ibs. Their patented con- 
tinuous dressing mechanism keeps the weld- 
ing wheel constantly cleaned and knuried 


Half Million Feet Seam... 
Welded by This Mallory Wheel 


Mallory during more than 30 years of leadership in 
resistance welding. Equally important is the extreme 
hardness and wearing ability that Mallory adds to 


How long do Mallory seam welding wheels last? 
Here’s an example. 


At the Donaldson Company, St. Paul, Minnesota, 
the Mallory 22 seam welding wheel shown above has 
just been retired after making about 500,000 feet of 
1,” lap mesh weld on the body sections of big 
internal combustion engine air cleaners. This service, 
according to Donaldson, is 3.2 times the life that 
they used to get with ordinary seam welding wheels. 


Several reasons are behind the long life of Mallory 
wheels. Specialized alloys go into them, developed by 


In Canada, made and sold by Johnson Matthey and Mallory, Ltd., 
110 Industry Street, Toronto 15, Ontario 


Serving Industry with These Products: 


Electromechanical — Resistors * Switches * Tuning Devices * Vibrators 


Electrochemical — Capacitors * Mercury and Zinc-Carbon Batteries 


Metallurgical — Contacts * Special Metals * Welding Materials 


these alloys. The result—more welds, better welds, 


per dollar. 

For a cost-cutting consultation on your own resist- 
ance welding applications, see your local Mallory 
Welding Distributor. He carries a complete stock of 
Mallory electrodes, holders, seam welding wheels and 
bar stock. And he’s well qualified to help you apply 
these precision-made products profitably. 


Expect more...get more from 


MALLORY 


P. R. MALLORY & CO., Inc., INDIANAPOLIS 6, INDIANA 


For information on titanium developments, contact Mallory-Sharon Titanium Corp., Niles, Ohio 
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HELIARC Welding 
finds satellite jobs are right in its 


Welding together sections for an earth satellite, under the most exacting specifica- 
tions, may not be your particular problem. But if welding light-gage, hard-to-weld 
metals is slowing up your production— LinDE’s HELIARC Inert Gas Shielded Are Weld- 
ing, using LINDE Argon as a shielding gas. may be just what you ve been looking for. 

Heviarc Welding is LinpE’s method for high-speed fusion of commercial metals, 
automatically, or manually in all positions. LINDE Argon, guaranteed 99.99% pure. 
protects the weld. It is readily available, in cylinders or in bulk, from convenient 


sources all over the nation. 

Get more information about HELIARC Welding and LinpeE’s other modern weld- 
ing methods. For a free copy of the booklet, “Modern Methods of Joining Metals.” 
address Dept.WJ-8. LINDE Company, Division of Union Carbide Corporation, 30 
East 42nd Street, New York 17, N.Y. In Canada: Linde Company, Division of 


Union Carbide Canada Limited. 


FOR THE BEST IN ELECTRIC WELDING—LOOK TO LINDE! 


Shells of the Earth Satellite, Project Vanguard, are 
made of .050-in. magnesium alloy sheet, containing 
small ts of alumi and zinc. The two hemi- 
spheres are manually welded together (above), with 
a cover ring, by HELIARC Welding, a LINDE develop- 
ment utilizing an argon-shielded tungsten arc. 
Brooks & Perkins, Inc., are the fabricators. 


TRADE MARK 


Phe terms “Linde.” “Heliare” and “Union Carbide” are registered trade-marks of Union Carbide Corporation, 
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Cracked 
cast iron block 


the same day 


-- with Ni-Rod “55” Electrode 


Replacement...or repair? That was 
the dilemma facing one Ohio con- 
tractor when the 150-pound pulley 
block shown above cracked in the 
middle of a job. 


Replacement was expensive. 
And it might take days — perhaps 
weeks. 


The contractor had heard of suc- 
cessful welds in cast iron with Ni- 
Rod* “55”* electrode and decided 
to go ahead with the repair. 


Using Ni-Rod “55” electrode, 
weldors at the Alsco Welding Com- 
pany in Columbus got a strong 
sound weld... had the block in op- 
eration the same day. As an extra 
precaution, they preheated to an 


770 


estimated 250 degrees. (With Ni- 
Rod “55” electrode this is generally 
unnecessary.) The weld was ap- 
proximately 14 inches long, and 
took only 1-1/2 pounds of 5 32- 
inch Ni-Rod “55” electrode. 


You'll like the simplicity Ni-Rod 
“55” electrode brings to cast iron 
welding. Ni-Rod “55” electrode is 
operable in all positions ... gives a 
stable arc and metal deposition is 


good. Slag is easy to remove and the 
welds are readily machinable. 


“A Handy Guide to Welding Cast 
Irons” gives useful technical data. 
case histories and tips on welding 
methods. If you fabricate, repair or 
salvage cast iron parts, keep a copy 
handy. Why not write for one today? 


* Registered 


The International Nickel Company, Inc. 
67 Wall Street New York 5, N. Y. 
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TECHNICAL PAPERS AND YOUR SOCIETY 


History points out that, periodically, national leaders of unusual 
Vision and ability have arisen that profoundly : ffected the affairs of their 
countries. It also shows, however, that it is the character of the in- 
dividual citizens that ultimately determines a nation’s destiny 


This is a truism that has some parallel in many large organizations 
that are quite remote from the political scene the character of an 
organization reflects, in many respects, the collective charecter of the 
individuals in it. This epplies particularly to a national technical society 
where the edministration changes to some extent from yeer to yeer 
When the individual members vere actively interested in the society's 
offeirs, the organizetion grows and flourishes: but when the members are 


lacent and the interest is only casue! the organize tion lnnguishes. 


Phe usefulness of a national technical society is directly related to 
the services the members perform for the society Chese services include 
contributions through membership on administration, educetional and 


technical committees, et both the local and nationel level They also 


cover the preperetion of high-quality papers, under the society's spon- 


sorship, to provide for adequate dissemination of technics! 


informe tion. 
The latter is an « xtremely important function, since one of the best means 
of judging a society’s professional standing is to evaluate the quality and 


the scope of the technical papers it sponsors and publishes 


Kach yeer our Sociery solicits papers for presentation #t its annual 
meeting. All papers are carefully reviewed by the Technical Papers Com- 


mittee. Those which are considered to be of greatest current interest 


and which contribute most to the technical knowledge gre selected for 
presentation and are recommended for publication in THe WrnpinG 
JOURNAL. Obviously, the number of papers that can be presented at 
any one meeting is limited. To offset this, all worthwhile papers which 
connot be made a part of the program are usuelly recommended for 
publication only 


THe JOURNAL, with its RESEARCH SUPPLEMENT, enjoys an interna- 
tional reputation as the leading source of information on welding and 
closely related subjects. An individual whose paper is published therein 
is not only performing a service to the Soctery, but he is adding to 
his professional standing by having his work appear in an outste nding 


technical magazine 


It cannot be emphasized too strongly thet it is essential to have a 


constant supply of high-quality papers for the AMERICAN WELDING 
SocreTy to maintain its leading position 


V.A rmstrong, 


CHAIRMAN 
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the Sensational NEW 


miller 
GOLD STAR 
SF 


It DELIVERS maximum arc stability for: 
a. Sounder, denser welds — and 
more of them — in less time, 

with . . . 


b. ALL electrodes, in... 


c. Any and all positions 


How is this performance possible? THE 
MILLER GOLD STAR SR introduces a... 


NEW transformer 


plus 


NEW completely sealed semi- 
metallic rectifier 


ELECTRIC MANUFACTURING CO., INC. ApPLETON, wiscoNsIN 


distributed in Canada by CANADIAN LIQUID AIR CO., LTD. Montreal 
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Fig. 1 Type 5760 '‘Mountaineer,”’ power shovel 


MAINTAINING WORKMANSHIP STANDARDS 


FOR QUALITY WELDING 


Power-shovel weldments 
produced under specifications 
and welding-quality controls 
found to perform extremely well 


in daily service 


BY HOWARD B. CARY 


INTRODUCTION. Maintaining workmanship standards for quality 
welding @n any product can only be judged with respect to a 
quality standard. 
must be based on the application of the product Above all, 


the standard of quality must be balanced between the economic 


cost factors and the normal service requirements of the product 
Howard B. Cary is associated with the Marion Power Shovel Co., Marion 
Ohio 


Presented at the 1956 AWS National Fall Meeting, Cleveland, Ohio, October 
&-12 


The standard of quality, to be of any value, 


In many industries and on many products, quality require- 
ments are rigidly controlled by codes and specifications issued 
by various regulatory bodies. In the power-shovel industry, we 
ire perhaps fortunate in not having specifications imposed on us 
by outside activities. In view of this, each company in the indus- 
try strives for continually higher product quality 

The success of maintaining the delicate balance between quality 
requirement and economic factors can only be decided in the 
market place where quality and price determine the company’s 
well being 

At Marion, the pieture Is indeed complicated due to the ex- 
treme wide range of our products identified as power shovels. 
To illustrate, on one hand, Fig. 1, the Type 5760 ‘‘Mountaineer’’ 
with a 60-cu-vd dipper, weighing approximately 5,500,000 Ib 
and costing in excess of $2'/5 million, and Fig. 2, the Type 35M 
with a */.-vd dipper weighing approximately 45,500 Ib and cost- 
ing approximately $25,000 

Through many years of shop research and field-performance 
study, we have arrived at a required standard of welding quality 
We also have established we Iding-quality -control techniques for 
maintaining the quality requirements. The performance of our 
machines in the field is a tribute to the suecess of this program. 


Establishment of Standards 

In order to establish a background of welding quality 
required for our product, we analyzed, and considered 
for our use, many established codes and specifications. 
Most of these codes, such as the “AISC Specification for 
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Fig. 2 Type 35M, * «-yard power shovel 


SIDE BENO SPECIMENS ' 


Fig. 3 Bend-test specimens 


the Design, Fabrication and Erection of Structural 
Steel for Buildings,” the ASME Section IX ‘“Qualitica- 
tion Standard for Welding Procedures, Welders and 
Welding Operators,” the AWS “Standard Code for 
Are and Gas Welding in Building Construction,” the 
AWS “Standard Qualification Procedure,” could not be 
applied in their entirety to our product. However, the 
various factors considered in these codes were analyzed 
and developed for our own particular specifications 
\lmost all codes consider the following: 


Welding definitions and nomenclature 
Welding symbols. 

Welding process. 

Material-base metal. 

Material-filler metal. 

Allowable stresses. 

Weldment design. 

(QJualification of joint-design details 
Welding-workmanship standards 


10. Qualifications of welding operators. 


11. Welding inspection. 


Factors 4, 5 and 8, together with welding position and 
welding technique, are considered as a procedure speci- 
fication. The various codes were studied and, in as 
many cases as was possible, we adopted an established 
standard as written. The various factors were adopted 
and standardized as follows: 

1. Welding definitions and nomenclature We 
adopted the AWS “Standard Definitions of Welding 
Terms and Master Chart of Welding Processes” bulletin 
and reproduced only the more common terms 
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We adopted the AWS “Stand- 
bulletins and reproduced the 


Welding symbols. 
ard Welding Symbols” 
Master Sheet. 

3. Welding process. We are involved primarily 
with only metal-are welding. 

Material-base metal. Many different base metals 
are used in our product; however, the rolled-steel prod- 
ucts, with which we are primarily interested here, fall 


into three broad classifications: 


(a) The mild or low-carbon steels. 
(b) The low-alloy, 50,000 psi vield strength steels 
(Cc The high-strength quenched - and tempered 


steels 
Specific proprietary steels and steels contorming to cer- 
This will be 
covered completely under “Procedure Specifications.” 
5. Material-filler metal. We adopted the AMER- 
WeLpING Society specifications for mild-steel 


tain ASTM. specifications were adopted 


are-welding electrodes and for high-tensile and low- 
alloy steel are-welding electrodes: however, only cer- 
tain of the electrode classification are employed This 
also will be covered completely under “Pre wedure Speci- 
fications.” 

6. Allowable stresses. Allowable stress 1s not within 
the scope of this paper 

7 Weldment design 
vond the scope of this paper 

8. Qualification of joint design details. This, along 


Weldment design is also he- 


with base-metal and filler-metal specifications, makes 
up the procedure speci eations The welding-jomnt cle 
tails were designed with the thought in mind to make 
them the most economical with respect to preparation 
and to volume of weld metal required, Steels belong- 
ing to the mild-steel classification were used to quality 
these joint details using mild-steel welding ¢ lectrodes of 
AWS E-6012 classification. Many welding tests were 
performed in the shop and laboratory to quality the 
various joints. Each o 
chined and tested to AWS Specifications 


these test Jomts were 
Figure 3 
shows several bend-test bars ot the hundreds produced 
\lean- 


while. an extensive field-service report system Was 1D 


in order to determine optimum conditions 


augurated in order to correlate field experiences with 
laboratory results igure 4 illustrates the reporting 
and recording card employed. This is a key sort card 
printed to our specifications for the data under con- 
sideration. Field data, especially low-temperature ex- 
periences, quickly revealed the need to revise the elee- 
The AWS E-6015 low-hydrogen 


electrode type was selected and further tests were 


trode types « mployed 


Field reports quickly indicated that this type 
Further 


made 
of electrode should be used for all weldments 
experimental work was performed on various proprie- 
tary low-alloy steels in the 50,000-psi vield strength 
classification Three steels were approved by means of 
laboratory testing for our use. In the high-strength 
classification, tests were run with quenched-and-tem- 
pered steel and various welding procedures and elec- 


trodes. The optimum conditions were proved and ac- 
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cepted. ‘The laboratory results, coupled with field ex- 


periences, enabled us to select specific | ase-metal steels, 
welding-electrode type, and welding-joint-design de- 
tails. This information was compiled as our welding 
Figure 5 shows 


Proof that these 


section of the Engineering Standards 
the make-up of some ol these sheets 
standards have accomplished their primary purpose 15 
evidenced by the fact that they are now over sIx years 
old and have had only minor revisions 

9. Welding workmanship standards. Similar stand- 
ards are covered in most specifications. Particular 
emphasis is placed on weld sizes and tolerances, surface 
preparation, undercut, root penetration, repair of de- 
fective welds, etc We took each of the various factors 
and rewrote them using easy understandable shop 
terms. These became the workmanship standards of 
the Welding Section of the Engineering Standards Book. 

10) Qualification of we ding op ators This is a 
major concern of Most spe ciications Code qualifica- 
tion of operators is simply an expensive means of assur- 
ing that the welding operators are experienced and ca- 


We have felt 


es that our welcing opera- 


pable of performing the work required 
that we could assure OUurse ly 


tors and appli ‘ants were capable of doing the required 


work hy a simple performance test This test consists 
of a vertical fillet weld and a horizontal fillet weld. In 
hoth cascs, the fillet must he of a pres ‘rited size and 
de 
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Fig. 4 Field-failure report card 


Fig. 5 Typical engineering-standards sheets 
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Fig. 10 Chain oxygen cutting with electronic tracer 


made with a specific number of passes using electrode 
type and sizes prescribed. The welds are made with 
continuous observation. This test, while not conclu 
sive, indicates whether the operator has sufficient train 
ing and experience to perform the normal work ex- 
pected. ‘This test is used for welding operator applicants 


‘ 


as well as for those completing our “on-the-job” train 
ing program, 

Welding inspection. Most codes define the 
jurisdiction of the welding inspectors. We specify that 
any Weldment may be taken and subjected to 100; in- 
spection to insure compliance with welding specifica- 
tions, procedures, and workmanship standards. We 
uso specify that continuous spot checking will be made 
during all phases of manufacturing. Provisions are 
made for immediate correction of any errors found 


Special Welding Procedures 


Basie engineering standards cannot be expected to 


cover the many requirements for manufacturing our 
varied products. As a result, we have written special 
information sheets to cover specific subjects. 

Sheets have been written giving information for re- 
peat type applications where the same data are re- 
quired many, many times. For example, sheets were 
written on the measurements of fillet welds and the 

Fig. 8 Semiautomatic welding gear blank proper use of the fillet-weld gage. Sheets were also 
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_ Fig. 9 Walking-drag-line base frame | 
Fig. 6 Automatic welding and positioner & 
AN 
Fes. Fig. 7 Welding ring gear on positioner 


written giving the exact specications tor automatic 
welding of joints. These sheets show settings for eu 
rent, voltage, speed ol travel, electrode size, etc., Tor 
each of our standardized joint details. This informa- 
tion has been carefully worked out by making many 
tests and shop runs. — Figure 6 shows the application of 
automatic welding on the lower frame of a power shovel 

Welding-procedure sheets are also written when 
special instructions must be given to a particular group 
of men for a particular occupation. For example, in- 
struction sheets were issued outlining our material iden- 
tification system. This, while not a welding instruction, 
is so closely allied to welding that it was felt necessary 
that it he published Another sheet outlining respon- 
sibilities for setup personnel toward marking weld sizes 
on the joints of the weldment was published. Other 
sheets covered such items as operating procedures tot 
specialized machines, ete. 

Procedures were also required to establish new or un- 
usual techniques for accomplishing special jobs. Fig- 
ure 7 shows a ring gear being welded to the lower 
frame of a shovel. This particular job, due to joint 
geometry and steel analysis involved, had been par- 
ticularly troublesome until special techniques were 
worked out Once established and formalized on a 
written procedure, the job was much simplified. An- 
In this 


The ring is of high- 


other job of similar nature is shown by Fig. 8. 
case, a gear blank is being welded 
carbon steel, welded to a mild-steel web. Welding pro 
cedures for semiautomatic welding gear blanks were 
worked out and then established as a permanent pro 
cedure 

In addition to the above type of instruction sheets, we 
have issued many, many procedures giving specific in- 
structions for building large or complex weldments 
These sheets are used to augment blueprints and to vive 
a step by step instruction for properly building the 
weldments in question Kigure 9 shows the base 
frame or tub for a large walking-dragline type machine 
This weldment must be perfectly true and flat and this 
ean only be accomplished by following a carefully 
worked-out procedure. There are many, many types 
of weldments in our large machines that require written 
procedures 

Written welding procedures have proved invaluable 
in maintaining quality, since the best technique is es- 
tablished and then recorded. This allows us to con- 
sistently build the weldment the same way each time it 
is produced. Information is made available in a cleat 
understandable manner and recorded so that it can be 


referred to at a later date by those concerned 


Organizing for Quality Welding 


In order to insure quality welding, management 1s 


responsible to provide the following: 


1. A basis or specification outlining the degree ot 
quality required. 
Equipment and facilities conducive to quality 
workmanship. 
Quality materials with which to work. 
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Experienced workmen 
Responsible experienced supervision 


Inspection to guarantee compliance 


1. The basis or specification in the absence of a code 
as beet well covered 

2. The best available equipment and facilities 
should be employed This does not apply only to weld- 
ing machines and accessories, but to jigging equipment, 
face plates, material handling equipment, and prepara- 
tion facilities. Quality welding requires quality setup 
which in turn requires quality material preparation, 
Figure 10 shows our oxygen-cutting equipment using 
an electronic tracer on a chain-type template. This 
setup produces extremely accurate parts necessary for 
quality welding 

3. The material section of the Engineering Stand- 
ards specify quality materials. Receiving inspection 
personnel insists that incoming materials meet the 
specifications 

t. The experience of welding operators is checked 
by means of the aforementioned performance test. 
This is only a guide to the operator’s ability Contin- 
uous surveillance and supervision is maintained on 
welding operators. Each operator is given the respon- 
sibility to make each bead a quality weld. Good rela- 
tionship is essential between the operators and super- 
vision as each and every weld cannot be inspected. 
Welding operators must be kept advised of any changes 
in procedures and standards 

5. Experienced and responsible supervisors are an 
absolute necessity. Supervisors must be experienced in 
all of the welding operations, and also must have field 
experience with the product \bove all, they must be 
good supervisors. Supervisors must be kept informed 
on all matters pertaining to their departments and re- 
sponsibilities. 

experienced Inspection personnel must be re- 
sponsible to higher management and in no way re- 
sponsible to Welding Department management. All 
comments regarding welding operators and supervisors 


must also apply to welding inspectors 


Maintaining Quality Welding 

The responsibility for producing quality welds rests 
upon the welding operators. They must accept this 
responsibility. The welding supervisors must accept 
the responsibility of the operators and for producing 
quality weldments. The welding inspectors must guar- 
antee that quality standards are maintained. The 
welding standards, and especially the workmanship 
standards, are the basis for welding operator, welding 
supervisor and welding inspector relationships. 

The guarantee for quality welding is eternal vigilance. 
Welding supervisors and inspectors are continually 
alert for evidence of substandard workmanship. Visual 
inspection is perhaps most greatly used. This includes 
inspection of joint preparation at setup prior to welding 
and visually watching the weld being made as well as 
checking weld size and observing the final passes. 


We have adopted many techniques for assuring qual- 


Workmanship Standards 


» 
= 
3 
——— 


ity welds. For example, each and every major weld- 
ment has an identification and inspection plate welded 
to it. By means of metal stamps, the part number, or- 
der number and inspection symbols are imprinted on 
this plate. 
means of this information, the entire history of the weld- 


This serves as a control of quality since, by 


ment can be traced through the welding shop. 


Fig. 13 


Intermediate magnetic-particle test procedure 
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Another quality-control technique that we have 
adopted is in connection with weldments requiring 
Figure 11 shows a lip assembly for a 45-cu-ya 
dipper. The 6! ,-in. thick lip plate is of quenched-and- 
tempered T-1 steel and the tooth bases being welded to 
it are of AISI 4140 steel, also quenched and tempered. 
Fairly high preheat is required and this preheat must be 
In order to 


preheat. 


maintained until the welds are completed. 
insure that preheat is maintained, we utilize a preheat 
log sheet. This sheet shows the part number and or- 
der number. Space is provided to show when the jol) 
was started, the department or area where the job 
is worked and, above all, the specified temperature that 
must be maintained during welding. Entries are then 
made, each half hour by the welding supervisor through- 
out the duration of the job, showing the tempers- 
ture as measured at specified points on the weldment 
Temperature is measured by means of temperature i1- 
dicators in the stick form. This log sheet is verified ty 
means of spot checks made by welding inspectors. 

Another inspector’s tool that we employ to a grest 
degree is the magnetic-particle inspection process 
Many weld joints in our weldments are located at criti- 
cal points and are required to be perfect. Experience 
indicates the location of these types of Joints. In such 
cases, the designation “100°,” is shown in the tail of the 
welding symbol specifying the joint. This indicates to 
welding personnel that, on root pass and on final pass, 
magnetic particle inspection is required. Vigure 12 
shows the root pass of a weld joint joining the lip plate 
to the dipper proper being so inspected. Figure 13 
shows intermediate magnetic-particle inspection when 
the same joint is approximately 25°, completed. Any 
defects found at either of these stages are removed 
and repairs are made which are again inspected by the 
magnetic-particle method. Several intermediate-like 
inspections will be made in the course of completing « 
critical weld joint, the number depending on the thick- 
ness of the joint. Magnetic-particle inspection of the 
completed weld is the final check to satisfy the 100°, 
requirement, 

linal-pass magnetic-particle inspection is also 
ployed on many other weld joints of a less critical ma- 
ture. 

A visual inspection is made of all welds on each weld- 
ment after stress relieving and gritblasting. This 
check reveals any undercuts, overlaps, roughness, nicks 
and otherwise objectionable factors. Any such de- 
fects found are immediately repaired before furthe: 
processing, 


Conclusion 


We have attempted to show the welding-quality 
We feel that the 


weldments in a power shovel are subjected to extremely 


controls employed in the company. 
abusive service. The weldments produced under the 
specifications and controls outlined herein are standing 
up in daily service in thousands of operations through- 
out the world. This is a tribute to the soundness and 
success of our welding-quality control program. 
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A NEW CONCEPT OF WELDED DESIGN 
FOR IMPROVED VIBRATION CONTROL 


Paper discusses some new tdeas about vibration and its control 


through the use of welded steel which have come out of recent research 


he control of vibration Is a design problem in mla- 
chinery of many different types. In the past, this 
problem, to some extent, has discouraged designers in 
the use of weldments. It has been felt that the damping 
capacity of cast iron is an advantage in controlling 
itration. Contrary to popular belief, efficiently de- 
signed welded steel has superior properties for coping 
vith vibration problems found in many types of ma- 
chine tools 

In recent years, there has been considerable research 
sunong machinery builders on the subject of vibration 
(irinding machine manufacturers and printing equip- 
ment manufacturers, in particular, have been con- 
cerned, since improved control of vibration results in 
increased operating speeds for grinders and_ printing 
presses. New ideas about vibration and its control 
through the use of welded steel have come out of this 
recent research This paper Ww ill discuss some of these 
ideas. 

Contributing Forces for Vibration 

\ll members have a certain natural frequency. 
When struck once with an object, they will vibrate 
naturally at a given frequency 

A member also can be forced to vibrate at any fre- 
quency by striking it repeatedly. This is called the 
forced frequency. 

Whenever forced frequency equals natural frequency, 
the member becomes resonant and the amplitude of the 
vibration quickly builds up to a very high value, usually 
with disastrous results. \ vibration becomes a prob- 
lem only when its amplitude or height of vibration be- 
comes excessive. 

The damping property of a material is its ability to 
absorb the energy of the vibrating force. This is due, 
for the most part, to internal friction of the material 

ligure 1 shows the relative amplitude of vibration 


for a simple member when subjected to increased fre- 


queney of vibration. At resonant frequency, where 
Omer Blodgett is Design Consultant, The Lincoln Electric Co., Cleveland 
Ohio 
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Fig. 1 Effect of damping capacity on the amplitude of 
vibration. Damping reduces amplitude in the resonant 
frequency range 


the ratio of forced frequency to natural frequeney is 
equal to 1, the amplitude is greatly increased. The- 
oretically, if there were no damping, the amplitude 
of vibration at this point would be infinitely high. 
lor materials with greater damping capacity, the 
amplitude of vibration in the resonant frequency range 


is lower. 


Vibration Problems 
Vibration problems may be summarized with the 


following facts: 


|. Excessive amplitude of vibration is the cause of the 
problem. 

2. The amplitude of vibration becomes excessive in 
the resonant or critical lrequency range, 

4. Resonant or critical frequency is reached when 
the forced vibration equals the natural fre- 
quency of the membet 

Damping capacity limits amplitude in the 


resonant range 


This means that the solution to a vibration problem 


would mean either 
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Fig. 2. Formula for natural frequency of a simple beam 
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Fig. 3. Steel increases the efficient operating range of a 
machine 


1. Changing the forced frequency, preferably to a 
lower frequency. This usually means a change 
in motor or operating speed. 

2. Changing the natural frequency of the member, 
preferably to a higher frequency. 

3. Inerease damping capacity through = efficient 
steel design. 


Natural Frequency of Member 

In starting up a machine from zero speed, it is better 
if the machine does not have to pass through its crit- 
ical speed or frequency. This means, if the natural 
frequency of the member is to be changed, it would 
be better to move it up to a still higher value. 

In order to make any change in the natural frequency 
of a member, it would be well to study the factors in- 
volved in the vibration of a simple beam. This simple 
beam is similar, to some extent, to a complicated ma- 
chine part or member; at least, what is learned from this 
can be applied to larger and more complicated mem- 
bers (see Fig. 2). 

From this basic equation for a simple vibrating 
member, it is seen that the natural frequency can be 
increased by: 

|. Increasing the moment of inertia, /, of the 

member. 

2. Using a material having a higher modulus of 

elasticity, E. 

3. Reducing the cross-sectional area, A, of the 

member (similar to weight). 

1. Reducing the unsupported length, L, of the 

member. 


Whenever a steel weldment is designed from an ex- 
isting gray-iron casting, three things happen: 


1. Results in a higher modulus of elasticity, £, 
2' . times as much as gray iron. 
2. Requires less moment of inertia, 7, for the same 
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relative dampening capacity 


re/ative stress 


Fig. 4 Equivalent designs in steel for cast-iron sections, 
for the same load, are always stressed higher. Because 
of this higher stress, the relative damping capacity of steel 
will increase above that of cast iron 


stiffness, 40°, of that for gray iron. 
3. Requires less area, A, for the same stiffness, 40°, 
of that for gray iron. 

The results of these three changes upon the natural! 
frequency of the member is: 

(2.5)(0.40) _ 5. 
(0.40) 

The natural frequency of the equivalent stee! member 
will be 1.58 times the natural frequency of the gray 
iron member; in other words, the natural frequency 
has been increased 58°). Simply changing from gray- 
iron castings to steel weldments has given us 58; 
greater operating range. This is illustrated in Fig. 3 

In addition to this, it is very simple to add stiffeners 
to steel weldments, so that the unsupported length of 
panels or members is greatly reduced. Notice that the 
addition of a single stiffener, which cuts the unsup- 
ported length to half, will increase the natural fre- 
quency of the panel four times. This is a very easy 
method to get the natural frequency far away from the 
operating frequency. 

Damping Capacity 

It has been argued for some time that gray iron has 
superior damping capacity over steel. This is true 
only if both are stressed the same amount. This is 
shown in Fig. 4. When both materials are stressed 
the same amount (see vertical line, D) gray iron has 
about three times the damping capacity of steel. How- 
ever, in an efficient redesign of a casting to a steel 
weldment, where the redesign is based upon equal 
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WEIGHT OF WELDMENT 


RELATIVE TO CASTING 


Fig. 5 Curves illustrate what happens to vibration in a steel weldment as the weight is reduced to where the design becomes 


more efficient 


stiffness, the steel member is always stressed more than 


the corresponding casting. Steel, having highet 


modulus of elasticity, requires less moment of inertia 


for the same stiffness and, as a result, has a lower 
section modulus. Therefore, for the same load, the 
steel member will have a corresponding higher stress 
Because of its higher stress, its relative damping 
capacity will increase 

It can be shown in the case of a vertical mem- 
ber, such as the side of a base (see A of the same 
figure) in which the depth remains unchanged, that the 
steel is stressed 2!) times that of the corresponding 


casting and will have a damping capacity 5.3 times that 
see B 


the stress is two times that of the 


of the casting. In the case of a similar section 
of the same figure 
corresponding casting and results in a damping capacity 
2.7 times the casting. Even in the case of a flat panel 
in which the width remains constant (see C of the same 
figure) the stress in the steel is 1.84 times the casting 
and results in a damping capacity two times that of 
the casting. 

These are not difficult steel sections to make nor un- 
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usual conditions; they represent every-day, normal 


steel redesigns from cast construction having equal 


stiffness 


Vibration Properties of Steel Weldments 


The history of a particulal redesign of a yray-1ron 


cast base to subsequent designs velded steel is 


shown in Fig. 5 

\t the extreme left-hand axis is the original cast base 
along with the first steel redesign, B, in which the same 
section was used. The horizontal axis represents the 


weight of the steel designs expre ssed as a percentage ol 


the original cast design. The various curves show what 
happens to the steel weldments as far as vibration is 


concerned when the design becomes more efficient as 
the weight is reduced 

\lthough some designers have made their first steel 
redesign an exact copy of the casting, it is obvious from 
this figure that this is not the best design. Consulting 


steel design, B, notice the following 


1. Even though it is to replace a casting, it is, 
nevertheless, 2! » times as rigid as it should he 
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Fig. 6 The effect of weight reduction and material change on vibration 


2. Because it has the same section and still carries 
the same load, it is stressed the same as the casting. 

4. Its relative damping capacity is about | ; that of 
the casting. 

t. Its natural frequency is 1.58 times that of the 
casting. 

5. Its amplitude of vibration is only 40° that of 
the casting. 

\s long as this steel-base design, B, is operated below 
its much higher natural frequency, there should be no 
vibration problem. If, for some reason, it should 
operate near its resonant frequency, its lower damping 
capacity might be a disadvantage. 

No steel redesign should be made upon the basis of 
duplicating the cast section; instead the steel should 
be reduced so that equal stiffness is obtained. This 
has been done progressively in steel designs C, D and, 
finally, 

What are the results of this equivalent steel design, 
E? 

1. The weight of the steel weldment is about 40% 
that of the casting and will result in savings in material, 
as well as cost. 

2. Its stiffness has been reduced to that of the 
casting. 

4. It is stressed 2.2 times that of the casting. This 
is conservative, since steel is four times as strong. 

t. This higher stress results in a damping capacity 
about 3.3 times that of the casting. 

5. The natural frequency is 1.58 times that of the 
casting, resulting in a much wider and safer operating 
range. 

6. The amplitude of vibration will not exceed that 
of the casting. 
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Effect of Weight on Vibration 

Normally the over-all dimensions of a member must 
remain unchanged in any redesign. If the weight is 
to be reduced, this is usually accomplished by means of 
thinner sections. In general, if the shape and outside 
dimensions remain unchanged, then the moment of 
inertia of this section will vary as the thickness, or as 
the weight of the member. A reduction in weight 
would, therefore, mean a corresponding reduction in the 
moment of inertia of the section. 

The effect of reducing the weight of a member is 
shown in Fig. 6. Although the natural frequency ot 
the member would remain unchanged, the resulting 
amplitude of vibration would increase with decreased 
weight. For example, a reduction in weight of 50 
would result in double the amplitude of vibration 
(Fig. 6, left). 

Reducing the weight of a flat panel would cause a 
still greater vibration problem (see Fig. 6, center 
The natural frequeney is lowered and the amplitude is 
greatly increased. Reduced natural frequency means 
that the member will have a much narrower range to 
operate in and that there will be a greater possibility of 
it being operated at resonant frequency. At resonant 
frequency, the amplitude of vibration would be ab- 
normally high and would prevent the machine from 
having any useful purpose. 

It is important to emphasize that this is caused by 
the reduction in moment of inertia and not directly 
by the reduction in weight. It is possible to change 
from a heavy cast member to a lighter welded-stee! 
member and have less amplitude of vibration and 
higher natural frequency. 

If welded steel were to be used in place of the casting 
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Fig. 7 Design ideas for vibration control: (a) welding ends of a member reduces amplitude by 80% over simply-supported 
member; (b) punching holes in a stiffening panel reduces areas and increases natural frequency; (c) flange longer panels to 
increase stiffness and increase frequency; (d) closed sections or diagonal bracing increases torsional resistance (R) which in- 
creases frequency and reduces angle of vibration; (e) small tack-welded stiffeners increase natural frequency and, when 
placed at 45 deg, add resistance to twist 


in other words, a different material with a greater | Steel can have a damping capacity equal to or 


modulus of elasticity = 12,000,000 psi to Estee greater than cast iron because an equivalent steel 


30,000,000 psi), then, for the same section, the design under the same load is stressed highet 
natural frequency will be higher (1.58 times) and the 2. The reduced section of the steel equivalent de- 
amplitude of vibration will be lower (40% This is sign has a greater modulus of elasticity; hence, reduced 
shown in Fig. 6, right amplitude of vibration and, therefore higher natural 
If the redesign from the casting to welded steel is frequency. This means a greater operating range. 
made for equivalent stiffness or rigidity, as is usually 3. The design flexibility of welded steel makes it 
done in machine tools, the increased modulus of elas- easy to shorten unsupported lengths and make other 
ticity would allow a corresponding decrease in the changes that increase natural frequency and decrease 
required moment of inertia. This would reduce the amplitude. 
weight to 40% without any increase in amplitude of vi- Examples of Welded Design 


bration over that of the casting ee ; 
Various design ideas for minimizing vibration are 


Summary illustrated in Figs. 7 and 8. Suggestions are also given 
Experience has proved that efficient steel weldments for reducing noise. Figures 9, 10 and 11 illustrate 

weigh less than corresponding castings and this re- machines that have been designed to improve operating 

duced weight will not create vibration problems. On characteristics by eliminating vibration 

the contrary, steel has superior properties for designing The welded printing press illustrated in Fig. 9 is used 

where vibration is an important consideration: in printing color work for a popular magazine with a 
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Fig. 8 The pitch of noise resulting from vibration depends 
on the frequency and the volume depends on the amplitude. 
A noise problem is solved as a vibration problem: chang- 
ing the frequency through stiffeners, stampings, breaking 
into smaller panels to reduce unsupported length; sprayed- 
en coatings or cemented fiber materials will increase damp- 
ing of very thin sections 


Fig. 9 This 75-ft welded-steel printing press, built by the Goss Printing Press Co., runs at 11,500 impressions per hour, com- 


circulation over one million. Color register and high 
speed are important. The welded press has resulted in 
substantial reductions in operating cost through its im- 
proved rigidity and, hence, better register at higher 
speeds. 

In the design of a welded-steel bed for a new internal 
grinding machine, Fig. 10, the engineers in charge de- 
veloped a high degree of functional rigidity, while mak- 
ing a significant weight reduction. The machine is 
used for internal grinding of inner rings for large ball 
hearing assemblies. The new welded-steel bed weighs 
only 1788 lb, against 1829 |b for a cast-iron bed on the 
previous design. However, the swing of the new ma- 
chine was increased from © to 12 in., so, in view of the 
higher capacity, a fairer comparison is on a unit weight 
basis, the figures being 149 lb against 203 Ib, or a 26° 
saving. The cost of the welded bed was also sulbstan- 
tially less than the former cast-iron design. 

Comparative vibration tests on the old and new 
versions of the grinder were made by running produc- 
tion lots of bearing rings. The new design reduced 
grinding time from 13 to 8 sec; lowered size variation 
from 0.00040 to 0.00015 in. and improved surface finish 
from 21 to 10 microinches rms. 

A leading grinder company, in its 10-year experience 
with welded design of precision grinding machines, has 
demonstrated convincingly the advantages of steel in 


pared to the 4000 by the press it replaced. Register on color work is better at higher speeds because rigidity has reduced 


vibration 
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vibration control. Figure 11 shows a rotary surface 
grinder which has a weldment base and column. It 
is designed for maximum rigidity with minimum 
weight. 

This company’s engineering department recently re- 
leased comments on their selection of weldments which 
summarizes some of the foregoing analysis: 

“The original grinder was built in our plant in 1947 
It has a fabricated base and has been in continuous 
service during the intervening nine years. None of the 
wearing surfaces, which are part of the fabrication, 
have ever had to be touched in all that time. Some 
135 machines with fabricated bases have been delivered 
to date. After numerous experiments, we have found 
that a fabricated base can be made just as strong and 
just as free from resonance as any cast-iron base. Also, 
it is sometimes difficult to rib a cast-iron base because 
of resulting blind pockets which can cause blowholes 
or spongy material because of trapped gas, and from 
which dirt can never be cleaned properly. No such 
difficulties have been encountered, when a base has 
been of welded steel Ribs can be placed quite close 
together, exactly where they are required, without anv 
damage whatever to the structure of the metal. 

“On the question of vibration, or resonance, the 


matter has been studied closely by us Every 


tional rigidity while making important weight reduction. 
erating speeds within closer tolerances 
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Fig. 10 This internal grinder made by Bryant Chucking Grinder Co. 
has a welded-steel bed. The design develops a high degree of func- 


Higher op- 
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machine that is sent out of this shop, whether its base 
be a weldment or east iron, is analyzed thoroughly 
according to a standard inspection pattern with a vi- 
bration analyzer. This instrument enables us to probe 
and detect vibration in any part of the machine and 
also to detect and correct any source of vibration in the 
machine . 

“We realize that cast iron has been the usual mate- 
rial for bases for more years than most people have 
been around the machine tool industry. This fact, how- 
ever, does not mean that cast-iron bases must be better 
In our opinion, it simply means that, first, pouring 
molten iron is, perhaps, the simplest and most obvious 
way of producing intricate shapes with hotlow in- 
teriors and, second, that, in the days when this method 
became standard practice, the science of welding did 


not exist.”’ 
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Fig. 11 The Arter Grinder Co. has been 
using welded bases for over 10 yr. Through 
a program of close testing and checking with 
| instruments, company engineers are assured 
that they achieve better vibration control 
with welded steel 
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WELDING INDUSTRY 


BY CHARLES KANDEL 


Fig. | Aerial view of U.S.S. "Forrestal” while in process of 
being completed. Some 2,000,000 Ib of weld metal—the 
equivalent of 2400 miles of !/,-in. welding—were used in 
the fabrication of this aircraft carrier 
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AN ENGINEER LOOKS AT THE 


The welding industry offers a 

distinct challenge to a young engineer’s 
creative ability, imagination and 
resourcefulness, the author points out 


INTRODUCTION. The welding industry, originally limited to 
the oxyacetylene process, had its beginning around 1903. Its 
development followed in the wake of commercial production of 
oxygen compressed in cylinders, first made available around 1907. 

Although studies of the welded joint disclosed its many advan- 
tages, the innovation met with considerable resistance, as any 
new process usually does. This was due to the lack of skilled 
operators and supervisors, and a failure to appraise its potentiali- 
ties. With the approach of World War I, the demand for metal 
fabrications, best produced by oxyacetylene welding and cutting, 
reached gigantic proportions. The overnight expansion of the 
industry resulted in added experience, a substantial increase in 
skilled personnel and a wider acceptance of the process. 

The electric-are welding process (known for a good many years ) 
benefited equally from the war needs by meeting its opportunity 
for wider application with not inconsiderable success. The same 
windfall came to the resistance welding process which had been 
known even longer than the electric-are process. Resistance 
welding met its challenge and came through the war with an 
equally good record of performance, added experience and a hope- 
ful outlook. And so did the thermit welding process (the oldest 
of them all, and least known to industry in general). The price- 
less advantages gained from the war experience were put to good 
use in expanded industrial applications in the years following 


The First Milestone 
The first and most significant milestone in the advance- 
ment of the industry was the founding of the AMERICAN 
WeELpING Society in 1919 with a membership of 219. 
Prior to this, the industry was largely in the hands of 
skilled craftsmen with a few technicians, an occasional 
engineer and practically no research laboratories or 
even facilities for making adequate tests. It was quite 
natural then that some welding applications were less 
than satisfactory. This was not necessarily due to 
any deficiency in the process, but rather to the over- 
zealous operator, his meager understanding of the 
technique and less than adequate concept of the thermal 
and metallurgical aspects involved. Subsequently, 
when the engineers and the metallurgists entered the 
industry, they set up the laboratories, acquired or 
designed and built the testing devices and eventually 
put welding on a scientific basis. 

The next milestone was the promulgation of the Code 
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Fig. 2. "The Canadian,” new Canadian Pacific all stainless steel transcontinental dome streamliner. Welding played a very 


important role in its construction 


for Structural Welding. In order to overcome the 
natural resistance of some engineers and industrialists 
to the new process, and to set up scientific standards 
of dependability of a welded joint made under controlled 
conditions, the AMERICAN WELDING Society appointed 
a committee known as the Structural Steel Welding 
Committee. This consisted of representatives of the 
Society, the engineering profession and the steel 
industry. Under the capable supervision of this 
committee, numerous sample specimens of standard 
welding assemblies were made independently in various 
parts of the country under specified conditions. These 
samples were coded for identification and tested to 
destruction by independent laboratories. The tab- 
ulated results were remarkably uniform, and from 
them standard figures were developed for permissible 
loading per unit of weld in tension and in shear to- 
gether with an agreed upon factor of safety 

The next step in the program of the Soctrry was the 
organization of a series of standing Technical Com- 
mittees to investigate and report on various phases of 
the welding process (some joint ventures with other 
societies). These reports subsequently became author- 
itative Standards or Codes universally accepted by the 
engineering profession and regulatory bodies, and 
incorporated into specifications for the contract  pur- 
chase of welded assembles or erection of welded strue- 
tures. There are over fifty such reports, and together 
they cover every technical phase of every type of weld- 
ing in use. As soon as any new electrode or new weld- 
ing process or technique is developed, or an existing one 
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modified, a new study is made, and a Standard or Code 
set up to cover it. These are available for wide dis- 
tribution to colleges, reference libraries, members of 
the Socrery, the engineering profession and any others 
who may be interested 

Another achievement in the Socirry’s program was 
the modernization of building codes to permit struc- 
tural welding. It was eventually attained in most 
parts of the country. Today, there are thousands of 
buildings of major proportion, including hospitals, 


apartments, warehouses and office buildings, in which 


all structural members have been welded, both in the 
shop and in the field. The welding of pipe for steam, 
water and refrigeration is practically universal in any 
fair sized building. And, of course, all transconti- 
nental pipe lines for oil or natural gas are welded. Sim- 
ilarly, many bridges, cranes, towers and other massive 
structures are welded in part or throughout. 

World War II brought with it unprecedented de- 
mands for welded assemblies of every description, in 
previously unheard of volume (see Figs. 1, 2, and 3). 
The industry met the demands in every way taking 
men from unrelated occupations and even adding 
housewives and salesgirls and making them all into 
acceptable welders. These novice welders helped 
build guns, tanks, ships and bombers, and met pro- 
duction schedules. There were problems, but they 
were solved promptly when brought into the daylight. 
\gain the experience gained was put to good use in 
industry at the end of hostilities. 

Welded ship construction started in World War I, 
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and reached its peak in World War IL. Since then, 
practically all modern ships and tankers are welded 
almost 100% up to and including the largest aircraft 
carrier recently put into service. 

Outstanding Applications 

Perhaps the most outstanding application of welding 
is in the aircraft industry, where it is readily admitted 
that without welding the production of supersonic air- 
craft would be virtually impossible. 

The same sine-qua-non statement can be made even 
more forcefully in the field of nuclear energy.  Intri- 
cate assemblies of fuel elements used in nuclear power 
installations could not meet the extremely rigid speci- 
fications and tests required before use except by mod- 
ern welding practice. 

The welding of pressure vessels, boilers and complete 
petroleum refineries, with their intricate piping system, 
is a development to which the industry may point with 
just pride. At this writing there are in operation all- 
welded power plants, fully automatic in operation, 
using either coal dust, fuel oil or natural gas; which- 
ever the instruments show are available at the mo- 
ment. The operator sits at his ‘control board’’ and 
watches what is going on, but actually the electronic 
robots do the work. ‘There are such plants now oper- 
ating at pressures up to 5000 psi and temperatures 
up to 1200° F. 

The young engineer entering the welding profession 
will find many facilities at his disposal to help him in his 
pursuits, principally: The American WELDING So- 
crery with a membership of 11,000, organized into 


about 80 Chapters or Sections located in leading in- 
dustrial centers throughout the United States; and, 
The Researca Councit founded by the 
Engineering Foundation about twenty years ago. The 
WRC has an annual budget of $500,000 (about one-third 
from government sources and two-thirds from industry) 
and allocates research projects to universities and other 
laboratories for the solution of complex welding prob- 
lems. The information derived is made available to 
scientific and engineering groups and those interested 
in welding developments. The work of the Welding 
Research Council embodies the experience of leading 
experts in each field and is universally accepted as an 
authoritative reference in the solution of welding 
problems. 


Wide Choice of Professional Practice 

A young engineer will find open to him a wide choice 
of professional practice in the welding industry which 
may include research, design, development, pro- 
duction, sales or a combination of any of these. He 
may find such opportunities with any one of a score 
of large manufacturers of welding equipment who 
maintain modern, well-staffed laboratories under a 
program of continuous research and development. 
This is imperative in order to safeguard their share of 
the market in welding equipment, materials, ete., 
which now totals over one billion dollars annually and 
is growing rapidly. 

Even wider opportunities may be found with any one 
of a thousand companies in major industries in which 
welding has been a vital factor in their expansion. 


Fig. 3. Hydraulic lift trailers, such as this one built by Clement-Braswell, Inc. are built to take rough treatment. They rely on 


strong, solid welds to maintain their peak payload performance 
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Among these, the following are typical: air condition- 
ing, aircraft, appliances, automotive, construction 
equipment, nuclear energy, power, refineries, steel 
fabricators, transportation, etc. 

An engineer in the welding industry will attain a 
broader experience than one limited to just his own 
branch. 
quent contact with other branches of the profession 


His practice is likely to bring him in fre- 


and constantly challenge him to meet their needs. These 
may involve structures for the civil engineer, power 
plants for the mechanical engineer, a refinery for the 
chemical engineer, a penstock for the electrical en- 
gineer, or a nuclear energy assembly or installation 
for the nuclear physicist. 

Industry’s needs for welding equipment and ma- 
terials are well served by several large companies, each 
operating a chain of plants located in important in- 
dustrial centers, a substantial number of independent 
plants operating in one or more localities, a large 
number of warehouses between centers and a still 
larger number of distributors locally owned. 

Every metal-working union has craftsmen who are 
skilled welders. 
their apprentices, and most trade schools now teach 
Many em- 


Some conduct training courses for 


welding in an effort to meet the demands. 
ployers have their own training group on company 
time for developing new welders and upgrading those 
with some experience. Engineering schools are also 
expanding their courses to include subjects of special 
interest to the industry and permit the candidates for a 
degree to major in this field. 

Occasional buyers of welded assemblies or welded 
construction will find the country well spotted with 
local fabricators, welding contractors or job welding 
shops, ready to take on a job from a rough sketch to a 
blueprint with complete specifications and codes. To 
safeguard the buyer, there are local ordinances, boiler 
insurance companies’ inspection services, the American 
Bureau of Shipping, certified welders’ qualification 
tests, engineers and architects with welding experience 
to design and supervise qualified fabricators and shops 
who bid on the project. 

All metals can be welded in almost unlimited thick- 
ness by one or more of the four basic methods now in 
use—namely gas, arc, resistance and thermit. Each 
of these methods has its preferred application, using its 
own type of equipment (readily available), follows a 
standardized technique and generally uses a filler rod 
or electrode manufactured under standard specifications 
and so labeled. Some methods can be applied man- 
ually, some have been mechanized, some are semi- 
automatic and some are fully automatic. 

A not unimportant part of the welding industry is the 
cutting of metals with the oxyacetylene torch or elec- 
tric are. The former process can be applied by hand 
or can be mechanized with an electric eye following a 
blueprint and controlling several dozen torches. These 
torches are automatically propelled over a stack of stee! 
plates, accurately cutting and dropping out at one time 
over one hundred identical pieces which can frequently 
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be used without additional machining. The oxyacety- 
lene torch can also be used for rough-cutting heavy 
threads or large gears, often without requiring additional 
machining. It is also used for flame hardening carbon 
steels or for paint and scale removing. 

Nonferrous metals, cast iron and stainless steel are 
being cut very successfully with the oxyacetylene torch 
by the introduction of a chemical flux or iron powder. 
They may also be cut with the arc-oxygen torch using a 
flux-coated tubular electrode. This method is also 
being used to cut all metals under water, using the same 
electrode properly waterproofed 

A special technique also permits arc welding under 
water, using a suitable electrode properly waterproofed. 
Underwater cutting and welding rendered valuable 
service during the war and are being used in salvage 


and marine construction 


The Outlook 

While one or two universities are now offering a 
specific degree in welding engineering, the engineering 
work in the industry is in the hands of the usual 
branches, largely mechanical, civil or metallurgical, with 


trial. All of them have had minimum courses in metal- 


a sprinkling of electrical, chemical, mining and indus- 


lurgy, structural design, strength of materials, ete., in 
their undergraduate work, or taken them at a later date 
in extension work readily available in any engineering 
school. 

Although the industry is almost fifty vears old, it is 
still a very young industry with tremendous possibili- 
ties for expansion and development. While every in- 
dustry is constantly revamping its design in order to 
incorporate more welding because of its numerous 
advantages, the welding industry is redesigning its 
products or developing new processes to meet existing 
production demands. At the same time it is pioneering 
along new lines and constantly introducing new and 
improved features; so that a good percentage of the 
business done in 1957 may be on items that existed only 


experimentally ten years ago 


A Challenge to Creative Ability 

The young engineer will find the industry a distinct 
challenge to his creative ability, imagination and 
Mass production, mechanization and 
Com- 


resourcefulness. 
automation are the milestones ahead of us. 
fortable living, greater leisure and extended travel are 
some of our goals. Welding is the universal tool that 
ean build and maintain the milestones and make the 
goals attainable 

A billion dollar industry is not a big industry when 
measured by modern yardsticks, but the welding in- 
dustry yields to none in its accomplishments, its war 
service and its contribution to the advancement of 
civilization, from the singing tea kettle on the stove to 
the jet liner overhead —both proven welded products. 
It promises even greater service toward peaceful en- 
joyment of a longer and richer life in harmony with the 


rest of the world, as we know it now, or as it may be re- 


vealed to us at a later date. 
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Fig. 1 Over-all view of aluminum tube mill 


AUTOMATIC INERT-GAS-SHIELDED TUNGSTEN- 
ARC WELDING OF ALUMINUM ALLOYS 


Investigation leads to the successful use of alternating current with the existing 


aulomatic inerl-gas-shielded tungsten-are equipment in welding aluminum alloys 


BY H.D. MANN AND R.E. PURKHISER 


SYNOPSIS. It has been well established that welding  as- 
semblies that must exhibit very closely controlled mechanical 
properties are readily obtainable through use of automatie inert- 
gas-shielded tungsten-are welding. Until recently, however. 
equipment for application of this process has been limited to us« 
with direct current. Since use of this equipment with alternating 
current would also be desirable, particularly in welding of 
aluminum alloys, an investigation was undertaken to determine 
if this could be accomplished 

The use of alternating current with existing inert-gas-shielded 
tungsten-are welding equipment, it was found, requires insertion 
of a means for converting an alternating current signal into an 
essentially direct current signal for the present control system. 


H. D. Mann is Equipment Engineer and R. E. Purkhiser is Development 
Iingineer. Air Reduction Sales Co., New York, N. Y 
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This is accomplished with an auxiliary piece of equipment con 
sisting of the items necessary to utilize the stable portion of an 


* Examina 


alternating current signal for rectification purposes. 
tion of the alternating-current arc showed erratic firing on the 
reverse-polarity half cycle of the alternating-current wave but the 
straight-polarity half was reasonably stable. The auxiliary piece 
of equipment which permits the use of alternating current with 
existing process apparatus was therefore designed to utilize only 
the stable portion of the alternating-current wave. 

In developing the auxiliary equipment, process variables were 
all important since they govern the stability of an are. Vari- 
ables affecting stability in this case were found to be current 
density, gas flow, are length, tungsten type and the effect on the 
are column of adding filler metal. Onee proper values for these 
variables were determined, a stable are was obtained and the 
use of alternating current with inert-gas-shielded tungsten-are 
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Another factor that had 
to be taken into consideration during the investigations was the 


welding equipment was made possible 


output of power supplies. Investigation indicated that these 
must exhibit stable characteristics and have a sufficiently high 
open-circuit voltage. 

As a result of all studies, a practical system for the use of alter- 
nating current with present inert-gas-shielded tungsten-are 
welding equipment in the welding of aluminum alloys was de- 
veloped. In its broadest application, it should prove exceedingly 
valuable to the aircraft and allied industries where very closely 


controlled welded assemblies are mandatory 


Introduction 

It is the purpose of this paper to report on the investi- 
gation that led to the successful use of alternating cur- 
rent with existing automatic inert-gas-shielded tung- 
sten-are welding equipment in the welding of alumi- 
num alloys. 

Prior to this time, attempts have been made to use 
alternating current with existing equipment to weld 
aluminum automatically, but results have fallen short 
of satisfactory. Under certain restricted conditions, 
aluminum has been welded in the past using direct 
current, straight polarity, but, in general, the use of 
alternating current is required, and it was to make this 
possible with existing equipment that present investi- 
gations were undertaken. 


Aluminum Welding with Direct Current, 
Straight Polarity 

As has already been stated, welding of aluminum 
using direct current, straight polarity has, in the 
past, been accomplished. Conditions are so restricted, 
however, that successful accomplishment cannot or- 
dinarily be obtained under usual shop conditions. 

The welding of aluminum with direct current re- 
quires helium shielding gas and thoriated-tungsten 
electrodes. It is also necessary to remove surface 
oxides, and the parts to be welded must have a perfect 
fitup. A successful example of the welding of alu- 
minum using direct current, straight polarity under 
the conditions outlined is illustrated in Figs. 1 and 2 
which show an aluminum tube mill in operation. In 
this application, an aluminum strip is fed into the 
forming mills, surface oxide is removed by stainless- 
steel wire brushes and the fitup is presented to the 
welding arc in a uniform manner. 

The particular operation shown in these figures was 
accomplished at welding speeds in the order of 20 to 
50 fpm. The high welding speeds were obtained by 
taking advantage of the deep-penetration characteris- 
tics of the helium shielding and the preheating of the 
pipe just prior to welding. 


Aluminum Welding with Alternating Current 

Since the restricted conditions necessary for welding 
aluminum with direct current cannot always be as 
successfully attained as they were in the operation 
shown in Figs. | and 2, the fabricator has had to resort 
most often to use of alternating-current welding in 


handling aluminum alloys. In general, results to 
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date have been unsatisfactory due primarily to the 
fact that proper equipment has not been available to 
provide a satisfactory control. Lack of understanding 
of important process variables has also been a stumbling 
lock. 

In seeking a solution to the problem of successful 
welding of aluminum with alternating current, practical 
considerations led to the investigation of ways in which 
to adapt present inert-gas-shielded tungsten-are equip- 
ment for this purpose. In using existing process 
equipment, it was found that an apparatus had to be 
designed which would rectify alternating-current sig- 
nals and convert them to direct current before they 
would be effective with the equipment’s existing servo 
system. This servo system senses changes in are 
voltage as the result of changes in are length. The 
direct-current amplifier used to control a motor m 
systems of this kind is rather wel! established. How- 
ever, when alternating current is used as the welding 
power, are instability is experienced which results in 
fluctuation of are voltage and unstable operation of 
This had to be 


overcome as it is evident that the are must be stable 


the direct-current amplifier system 
before any apparatus that is voltage sensitive can 
function correctly 

In looking at an oscillegram of an alternating-current 
voltage, it was found that the voltage wave was not 
completely uniform. However, one half of the volt- 
age wave, the straight-polarity half, was reasonably 
uniform and proportional to are length. By using 
this half cycle and rectifying it, a new piece of equip- 
ment could be developed to provide a suitable signal 


for the present direct-current amplifiet 
Process Variables 


During the investigation, it was found that process 


variables as well as the output of welding machines 


Fig. 2 View of automatic equipment and sample of welded 
tubing 
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Fig. 5 Effect of varying argon flow on arc column 


affect are stability. Process variables which were 
studied in the course of the investigation were: current 
density, gas flow, are length, tungsten type and filler- 


wire additions. 


Current Density 


With respect to current density, the effects on an are 


of both too little and too much current were studied, 
Too much current, it was found, resulted in an erratic 
are caused by the tungsten overheating and causing 
spitting to occur. Too little current produced are 
instability caused by are wandering. 

Figure 3 shows ares produced by optimum, too much 
diam 


and too little current. In all three cases, 


pure tungsten was used. The photograph in the center 
shows the are produced by an optimum current. At 
the right, too much current was used, causing spitting 
and, at the left, too little current was applied, producing 
are wandering. The effect of this latter can be seen 
in the photograph by noting the relatively weak are 


plasma. 
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Tungsten spitting, caused by too much current, 
gives a higher than normal are voltage (Fig. 4) and 
since the automatic sensing system of the welding 
equipment reflects the arc voltage, the machine barrel 
drives the electrode into the work. Frequently, this 
effect is cumulative and continues until the electrode 
is actually caused to short the work. 

As a result of studies, it has been found that there 
is an optimum current range for a specific diameter 
electrode. Equipment design can contribute to  in- 
creasing this range by making provisions for keeping 


the tungsten cool. 


Gas Flow 

Applications encountered to date indicate that 
argon is the only practical shielding gas for welding 
aluminum alloys with alternating current automa- 
tic inert-gas-shielded tungsten-are equipment. The 
amount of gas flow used can be very important. in 
achieving are stability. 


Effects of changing gas flows are shown in Vig. 5. 
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Fig. 3. Alternating current, pure tungsten electrode 
Fig. 4. Excessive current (ac) 
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Fig. 6 Effect of varying argon flow on bead appearance 


In the test illustrated, 5 cth (left) was found to be an 
insufficient amount, while flows of 10 cfh and 12 cfh 
(the two photographs at right) proved adequate and 
produced stable ares. (These values may vary 
with different designs of equipment.) 

In the case of too low a gas flow, erratic firing of the 
arc is experienced. This erratic firing results in an 
irregular are voltage and, consequently, an irregular 
signal to the servo system causing erratic action 
Very often, the result is sluggish response in holder 
positioning. 

Too much gas flow is similar to too low a current 
density in that the electrode is too cool to provide a 
stable arc. Figure 6 shows the are-sputtered areas 
adjacent to welds that are produced by different gas 
flows. An excess flow of gas and its resultant effect 
is shown at the right in Fig. 7 where 24 cfh have pro- 
duced an erratic bead and an excessively broad arc- 
sputtered area. The ideal condition is shown in the 
adjoining picture. 


Arc Length 


Application of alternating current inert-gas- 


shielded tungsten-are welding indicates that it is ad- 


vantageous to operate with longer arc lengths than 


those usually employed when using direct current with 


argon shielding. An explanation for this might be 


that too-short an are length results in an increase of 


reflected heat which causes the tungsten to overheat. 


giving the same effect as a high current. Too long an 


are will give too wide a bead and a possible increase in 


the heat-affected zone. 


Tungsten Types 


A comparison between pure tungsten and thoriated 


tungsten with alternating current was made to deter- 


mine their effects on are stability. In Fig. 8, a com- 


parison between pure and thoriated tungsten unde 
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Fig. 7 Normal and excessive argon flow 


similar conditions is shown. The pure tungsten (left 
provided a uniform surface as compared to a somewhat 
irregular surface at the end of the thoriated tungsten 
(right Surface irregularities give a nonuniform 
transfer of electrons and since any surface irregularity 
tends to give an unstable arc, pure tungsten is usually 


recommended for alternating-current welding 


Filler-Wire Additions 

Application of automatic equipment requires that 
optimum process conditions prevail. Considerations 
of proper amount of current, electrode size, gas flow 
and power source are important \lso important, 
however, is consideration of filler-wire addition. 


When filler wire is used for weld reinforcement witb 


793 


> 
* q 
: 


Fig. 9 Proper filler-wire addition; */;.-in. electrode, 185 amps 
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Fig. 10 Voltage and current rectification in an a-c alumi- 
num arc 


automatic inert-gas-shielded tungsten-are equipment, 


an additional source of are disturbance is created. 
Extremely important is the manner in which the filler 
wire is directed. If the filler wire is not properly 
directed, it will interfere with the are column and result 
in erratic operation. 

Ideally, the filler wire should wet into the weld 
puddle readily and completely. If the wire does not 
fuse into the puddle properly, droplets of wire can 
roll under the electrode and interfere with the are 
column. 

A properly directed filler-wire addition is shown in 
Fig. 9. 


as it wets into the puddle. 


The three sequences show a droplet of wire 


Alternating-Current Signal Variables 
Oscillograms of welding currents were made with 

two factors in mind: characteristics of alternating- 

current ares, and characteristics of welding machines. 
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ac and '/;-in. 4043 wire 


Characteristics of Alternating-Current Arcs 

Most alternating-current power supplies provide an 
essentially true sine wave when no load is applied 
When a welding-are load is presented to the power 
supply, however, the wave form changes radically. 

In Fig. 10, an oscillogram of a wave shape produced 
It should be 
noted that the voltage wave, although nonsinusoidal, 


by presenting a welding load is shown. 


is rather uniform during the lower or straight-polarity 
half of the cycle, whereas on the reverse-polarity half 
cycle, the signal is distorted. The voltage distortion 
is caused by the fact that the are resistance is nonlinear 
The extreme distortion on the reverse-polarity halt 
cycle as compared to the straight-polarity half is due 
to the fact that the electrode is the anode on the re- 
verse half and requires greater voltage for ignition. 
The reverse- and straight-polarity half cycles are 
not balanced and the result of the unbalance is the 
direct-current component. This is shown graphically 
in Fig. 10 by the dotted lines displaced from the re- 
ference in both the current and voltage wave form 


Characteristics of Welding Machines 

In the design of an inert-are welder, a means must be 
provided to insure are ignition on both half cycles 
The reverse-polarity half is more difficult to ignite 
than the straight-polarity half. Two designs of 
welding machines have been made available to provide 
proper ignition on the reverse half cycle. The most 
widely used system is the one that utilizes a continuous 
high frequency. 
machine is shown at the right in Fig. 11. 


An oscillogram of the output of this 
The high 
frequency is used to start and maintain the are. By 
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Fig. 11 Effect of open-circuit voltage on arc stability 
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Fig. 12 Current and voltage in balanced and unbalanced 
outputs 


ignition, while 


“starting” is meant the initial are 
“maintaining” refers to are reignition each half cycle 
Considerable testing was done on the continuous high- 
frequency design type and the open-circuit voltage was 


found to be an important factor. Test of machines 


with open-circuit voltages in the order of 65 to 70 \ 
gave erratic arcs, whereas open-circuit voltages of 80 
gave good are stability. 

Another machine design utilizes high voltage to 
reignite the are on the reverse-polarity half cycle. 
An oscillogram of this type machine which employs 
open-circuit voltages up to 150 v is shown on the left 
in Vig. 10. This machine employs a high-frequency 
oscillator although the oscillator is used only for start- 
ing the are The middle oscillogram shows the condi 
tion that occurs when sufficient ignition voltage 1s not 
obtained. This results in an erratic are action since 
the are is out at times 

Figure 12 shows an oscillogram of voltage and 
current for both types of machines. The balanced 
output is that produced by a high-voltage machine 
By “balance” is meant that current wave is balanced 
Unbalance seen in the oscillogram of the voltage wave 
is necessary to provide a unlorm current wave. 

The direct-current component referred to previously 
under the heading “Characteristics of Alternating- 
Current Ares”? is a consideration in the design of an 
inert-gas-shielded arc welder. Since any direct cur- 
rent tends to saturate a transformer core, an inert-are 
welder must have a larger core than conventional 
alternating-current welding machines of the same 
rating. 

Equipment Installation 


In the application of automatic equipment, the use 


Fig. 13 Circumferential lap fillet weld being made on 61S aluminum 
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Fig. 14 Automatic equipment mounted on a typical welding fixture 


of high frequency presents problems that are not evident 
when direct current is used. In order for high fre- 
quency to be available to start and stabilize the are, 
it must be available between the tungsten and the work- 
piece. To assure this, the following rules of good 
practice should be observed: 

1. The lengths of the weld current leads should be 
kept as short as possible since short leads insure that 
high frequency will be available for starting and sta- 
bilizing the are. 

The electrode lead should be clear of control 
cables to minimize the possibility of high-frequency 
pickup by the control circuits. 

3. The electrode lead should be spaced away from 
large metal objects to prevent dissipating the high 
frequency. 

1. If long leads are necessary, the high-frequency 
unit should be installed at the welding head. 

5. Shielding of the control cables is desirable. 

If these installation techniques are not observed, 
First, the high fre- 
quency will be picked up by the control circuits; this 


two things will usually occur. 
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type of pickup tends to block the operation of the 
sensing system and causes sluggishness or even com- 
plete lack of are-length control. Second, the high 
frequency will be dissipated, meaning that it will not 
be available at the electrode and workpiece for opti- 
mum ignition. Erratic are ignition always results in 
arise in are voltage. If this rise in voltage is sustained 
for more than a short interval, it will cause the are 
length sensing system to drive the electrode into the 
weld puddle. 


Applications 


Applications of automatic inert-gas-shielded tung- 


sten-are welding on aluminum using alternating cur- 
rent are illustrated in Figs. 13, 14 and 15. 

Figure 13 is a view of the automatic equipment in 
operation using a filler wire feeder. The material is 
61S aluminum 0.091 in. thick. A lap-fillet weld is 
being made. Welding speeds are in the order of 15 ipm. 

Figure 14 shows the equipment mounted on a horn- 
type fixture that can be used to weld 40-ft long sec- 
tions up to 20 ft in diameter. The unit has been used 
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to weld 248 aluminum approximately */s:-in. thick at 
speeds in the order of 12 ipm. 

In Figure 15, a butt weld in 14S material approxi- 
mately 0.100-in. thick is being made. The welding 
speed is in the order of 10 ipm. 

Conclusions 

In order satisfactorily to apply automatic equip 
ment when alternating current is used with the inert- 
gas-shielded tungsten-are process to join aluminum 
alloys: 

1. A stable are must be presented as an are signal 
for the sensing equipment, with particular emphasis 
being placed on current density, gas flow, type of elec- 
trode, arc length and filler metal 

2. The power supply selected must be one that is 
specifically designed for inert-gas-shielded tungsten-are 


Fig. 15 Automatic equipment making a weld on 14S aluminum 
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welding and, if a power supply using contimuous high 
frequency to maintain the are is used, it must have an 
open-circuit voltage in the order of 80 v. 

4. Good installation practices must be used to 
insure that high-frequency pickup does not block out 
the servo system and that high frequency is available 


to start and maintain the are 
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Fig. | Typical welding operations in an alloy pressure- 
vessel plant 


ELECTRODE CONTROL 
IN AN ALLOY PRESSURE-VESSEL PLANT 


To meet the stringent demands being made of weld metal deposits, 


control of the electrodes and filler wires ts important 


Introduction 

To initiate an effective electrode control system, it is 
necessary to meet with all welding supervisors, lead 
men and storekeepers to outline in detail, the proce- 
dures which must be followed. These men are the 
key to the ultimate success or failure of such a system. 
The author believes that these key personnel, properly 
briefed in the benefits which can be derived by an 
effective control system, will achieve the ultimate goa! 
with a minimum expenditure of effort. 

An incubation period of two to three months is 
necessary to aquaint welding personnel with the 
various aspects of the program and this, in effect, is 
an educational program. It is important that all 
welding personnel be made aware of the disastrous 
and costly results which may be encountered if the 
improper electrode or filler wire is used. 

Selection of Welding Process 

Before we can decide upon the proper filler wire or 
electrodes to be used on any given project, it is advisable 
to determine the most practical and economical welding 
process which can be applied with the utmost advan- 
tage. In a medium-size manufacturing plant, how- 
ever, it is not always feasible to use the optimum 
welding process due to the limited welding equipment 
and the work-load conditions which prevail at that time 
It is important, therefore, that the final decision as to 
selection of a welding process be made by qualified 
welding personne! closely related to production welding. 

Selection of the welding process for each project 
should be considered while in the estimating and design 
engineering phase, so that proper quotations can be 
made and the selected joint design and geometry can 
be incorporated on the drawings. Joint design selec- 
tion is also vital at this stage so that orders for com- 
ponent parts which are fabricated by other vendors 
may be placed. In this manner, promised delivery 
schedules can be maintained. 

W. W. Weber is Welding Engineer, Colonial Iron Works Co., Cleveland 


Ohio, 


Presented at the 1956 AWS National Fall Meeting in Cleveland, Ohio 
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We now advance to the process engineering depart- 
ment where final details of the project are reviewed 
At this point the welding procedure is written and 
turned over to the process engineer. The welding 
procedure tells the process engineer the size, class and 
type of electrodes or filler wires to be used on the 
project. He then determines the amount needed and 
transmits this information to the “General Stores 
Manager” on a material requisition form. 

This concludes the engineering phase of electrode 
control and we are ready to move on to the next step 


Inventory Control and Storage 

As mentioned previously, the class, type and _ re- 
quired amount of filler wire or electrodes are listed on 
a material requisition form and transmitted to“ General 
Stores.” Personnel in this department check the re- 
quirements listed on the requisitions against a master 
file of running inventory cards each week. Herein 
lies the “heart”’ of a good electrode contro] 

Electrode inventory is based on the tonnage used in 
previous years, although new materials and their 
filler wires must be taken into consideration as they 
enter the field of fabrication Class of electrode, 
such as E-308, E-309, E-310, E-316, etc.; 
coating, whether lime, titania, or lime titania, bare 


type of 


coiled wire for submerged-are welding, consumable- 


electrode inert-gas welding; and the minimum amount 


of each size and class that should be carried in stock 


Fig. 2. Electrode storage oven with identified compartments 
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are predetermined by qualified welding personnel. 
The author suggests that only those types of electrodes 
and filler wires consistently used be regularly stocked. 
Modified or special types of electrodes are not carried 
on inventory but are ordered as required. A practical 
minimum quantity of electrodes selected for inventory 
assures two things 

A. The danger of running out of a certain size, 
class or type of filler wire is minimized, thereby pre- 
venting such disastrous results as upsetting an entire 
production schedule and delay of tight delivery sched- 
ules. 

B. Excessive amounts of electrodes are also avoided 
to insure a fresh supply, conserve storage space and 
keep electrode minimum at a practical figure, dollar 
wise. 

As electrodes are received from the supplier, they 
are stored on racks according to AWS classification; 
thus, when three or four different classes of electrodes 
are called for on electrode requisitions from production, 
the storekeeper can immediately locate them. Sizes 
and types are also stored separately and packages are 
not opened until needed in production. An area 
which is dry is naturally selected for storage of elec- 
trodes. 

Care of Electrodes in Production Areas 
In order to withdraw alloy electrodes or filler wire 


from ‘‘General Stores,”’ it is necessary for the lead man 


~ 
get 
799 
vie 


or welding foreman to fill out a requisition stating the 
class, type, diameter and the project number. After 
electrodes have been withdrawn by production person- 
nel, the lead man in charge of the job is responsible 
for the use of electrodes as specified by the welding 
procedure. Most alloy electrodes are supplied in ten- 
pound containers and, depending upon the number 
of welders working on the project, a limited number of 
packages are opened for use 

At the end of each welder’s work day, the welder 
is requested to take the electrodes which remain in the 
containers and place them in properly identified 
compartments in electrode drying ovens in strategi- 
cally located areas (Fig. 2). This procedure will 
normally aid in the prevention of moisture pickup by 
the coating and, also, prevent damage to the coating 
which can result if electrodes are left lying on the 
workpiece or floor for an extended period of time. 

The work areas are inspected at the end of each 
shift by the supervisor in charge to see that this phase 
of the program is properly executed. Upon comple- 
tion of a project, all surplus electrodes are returned 
to ‘General Stores’ where credits are properly entered. 
In this manner, we can check actual usage of electrodes 
and filler wire against the original estimate for accuracy 
in determining future estimates and, also, use the 
returned electrodes on other projects which call for 
this class of electrode. 

Electrode Identification 

At this point, the author would like to discuss 
While it does not have a 
direct bearing on electrode control, the incidence of 


identification of electrodes 


identification is of importance. 

The problem of electrode identification in an alloy 
fabricating plant is becoming more difficult, as it may 
be necessary to stock up to thirty or more classes and 
types of electrodes. The NEMA color standards 
are being used with fair consistency by the majority 
of electrode producers but the identification on the 
containers im which they are packed is hopelessly 
confusing 

The AWS, ASTM, and other organizations have 
set up and published, standard numerical designations 
It is unfortu- 
nate, however, that these numerical standards are 


for various electrodes and filler wires. 


not properly used by all electrode producers. Let’s 
take a closer look at this situation from an alloy fab- 
ricator’s viewpoint. 

Since we are using a majority of all classes and types 
of alloy electrodes, and because some manufacturers 
of electrodes do not produce all the various classes 
and types, it becomes rather apparent for these and 
other reasons to have at least two or more primary 
sources of supply. Each of these sources of supply 
identifies these packages and cartons in a different 
manner. To illustrate, let’s look at three typical 
examples imprinted on the carton in bold type: 

A. Staybrite 67 
B. Hammond RTD—I18-8 
C. Acehigh X-6308 
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Since the purchasing department buys electrodes to 
AWS and ASTM numerical designations, these brand 
names mean nothing to the purchasing agent, store- 
keeper or welder but, rather, add to the confusion. 
Now, upon closer scrutiny of the carton with a magnify- 
ing glass, we find at last that all three cartons contain 
electrodes conforming to AWS or ASTM Spec. E- 
308-16. We now are ready to use the electrodes in 
production and we open the cartons to get at the indi- 
vidual containers in which the electrodes are sealed 
These containers identify the electrodes within in 
several ways. Two of the most commonly used are 
(1) a label on which is imprinted typical chemistry of 
weld deposits, current to be used, and chrome nickel 
content, as shown in Fig. 3; or (2) this same informa- 
tion may or may not be imprinted on one or both ends 
of the electrode container, as shown in Fig. 4. 

In case (1) where a paper label is attached to the 
container and no other identification is imprinted on 
the container, identification is rapidly lost in production 
when the label comes off. 

In case (2) where the brand name, type of current, 
and chrome-nickel content is imprinted on the ends of 
the container, loss of identification of the electrodes in 
production is not as critical. Taking a closer look at 
case (2), we find one thing missing—the numerical 
designation denoting type of coating. 

The author suggests that all electrode producers 
boldly imprint the electrode cartons as well as the 
ends of the electrode containers with the numerical 
designations issued by the AWS and the ASTM as 
the primary identification, and use their brand name 
as secondary identification in smaller print. This 
will avoid confusion in the ‘“‘General Stores’”’ depart- 
ment and loss of electrode identification in production 
will be at a minimum. We cannot expect each and 
every welder to be an expert on color identification, 
but with standard numerical designations as used by 
the AWS and ASTM, training of all personnel involved, 
with readily available literature, becomes easy. 
Responsibilities of Personnel Involved 

An electrode control program can function only as 
efficiently as the personnel involved make it. The 
“electrode control” man or storekeeper should re- 
view his inventory each week to insure that minimum 
quantities of each class, size and type of filler wire is 
maintained in stock. Secondly, he should make sure 
that each class of electrode is properly separated to 
minimize the danger of issuing the wrong electrodes to 
production. He should always use the oldest stock of 
the class of electrode called for on the shop requisition 
and be sure that charges and credits of electrodes are 
entered against the right orders. 

The requisitions from the ‘electrode control’ 
man to the purchasing agent should be carefully 
scrutinized by the purchasing agent for classification 
and type discrepancies, and it should also be the pur- 
chasing agent’s duty to purchase electrodes at the 
most favorable quantity, price wise. 

Lead men and welding supervisors must follow the 
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Fig. 3. Paper label on electrode container is only identification 


welding procedures without deviation and use the 
electrodes and filler wire specified. They are responsi- 
ble for proper care of electrodes while in the production 
areas. Welders are only to take the amount of elec- 
trodes which can be used immediately. 


Summary 

Since customers of alloy equipment are demanding 
more stringent controls via mill test reports on material 
chemistry, weld deposit corrosion coupons, lot num- 
bers of electrodes, etc., it is imperative that a program 
of this kind be given serious consideration by all 
alloy equipment fabricators 

The advantages that can be enjoved with an effective 
electrode control program are as follows: 

A. Production personnel will be relieved of the 
responsibility for stocking electrodes 

B. Production will not “run out” of electrodes and 
filler wires, 

C. An oversupply shall not oecur with the running 
inventory control system 

D. Stock will be fresh 


E. Purchasing Department can buy at quantity Fig. 4 Identification of electrodes imprinted on container 
discounts. 

F. Electrode waste should be materially reduced. Acknowledgment 

G. Weld quality shall be greatly improved. The author wishes to express his appreciation to 

H. Customers will recognize good organizational The Colonial [ron Works Co. for permission to present 
objectives, thereby enhancing customer relationships. this paper. 
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GAS-SHIELDED METAL-ARC SPOT WELDING 
ON TURBINE COMPONENTS 


Adaptation of gas-shielded metal-arc process 


saves thousands of dollars at turbine manufacturer’s plant 


High speed plus the deep penetration necessary on 
thicker metals has now been brought to spot welding 
by the gas-shielded metal-are process. This has been 
accomplished by adapting manual equipment with a 
special nozzle and a timing device which automati- 
cally controls a 3 second weld cycle (Fig. 1). What 
this new spot-welding operation means in time and 
dollar savings can be seen from the application of the 
process at the S. Morgan Smith Co., York, Pa. 

Harnessing water power has been the business of 
this company since 1876 when its founder, Stephen 
Morgan Smith, designed an improved water wheel to 
turn a grist mill. Since then they have built more than 
9500 hydraulic turbines with a total capacity of over 
15,400,000 hp. 

Among the largest turbines ever built are 14 turbines 


Lou Ames is Technical Representative, Air Reduction Sales Co., Philadelphia 
District 


Fig. 1 Close-up of adapter nozzle which converts manual 
equipment for spot welding 
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Fig. 2. Stainless-steel circular plate is locked to mild-steel 
substructure of hydraulic turbine with stainless-steel locking 
screws reinforced by gas-shielded metal-arc spot welds 


Fig. 3. Spot welding in action—time saved 44 hr on each 
turbine 
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for the hydroelectric project at the McNary Dam on 
Each turbine is 100 ft high and 
Working in giant sizes with high 


the Columbia River. 
weighs 1000 tons. 
precision requires special facilities and the highest 
efficiency of processes. Also, on such large scale 
products, time savings on a single operation can easily 
mount into thousands of dollars. Such savings were 
effected by the company through the use of spot welding 
in the production of hydraulic turbines. 

The spot welding shown here is done on the head of 
(Fig. 2). Hundreds of 


these screws are required to hold a heavy stainless- 


a stainless-steel locking screw 


steel circular plate to the mild-steel substructure of a 
hydraulic turbine. Fastening the rings in this manner 
allows the large plate to be removed easily after sub- 


stantial service wear 


The spot welds reinforce the locking screws. Close 
toa thousand spot welds with */i. -in. to */s-in. penetra- 
tion are made on turbines of the size in these pictures. 
The speed and efficiency of the operation exceeded 
expectations. With the previous method—drilling 
a small tapered hole and then welding with stick 
electrode—it took 25 hr on each head cover or bottom 
ring. With spot welding, the time was reduced to 
only 3 hr Therefore, on each turbine the company 
saves 44 hours with this spot-welding process (Fig. 3 
\t their present production rate this runs into thousands 
of dollars saved a year 

Thus this newest development of the gas-shielded 
metal-are process and equipment offers new speed and 
economy to meet the ever-increasing need of spot 


welding on thicker materials 


CO, PROCESS HANDLES AUTOMATIC WELDING 


OF REAR-AXLE HOUSINGS 


The carbon-dioxide welding process has been given a 
major role in parts production for Ford Motor Co.’s 
1957 models. As applied to Ford operations it is 
used for welding components of rear axle housings 
banjo, banjo cover and flanges—into integral units 
It is thought to be the first application of the CO, 
welding process to a full-scale, highly-automated line 

In the C¢ do process, the powdered flux of the sub- 
merged-are process is superseded by a jet of CO: that 
forees normal atmosphere away from the weld area. 
Major advantages are brought about by elimination of 
flux. Welding speeds are increased, materials costs 
are from 10 to 25% lower, and maintenance and ma- 
terials handling costs are reduced. Also, side delivery 
of CO, extends the time the equipment can be operated 
betore nozzle cleaning is necessary 

Production engineers find high welding speeds reduce 
floor time for welding operations by about 32%. In 
production welding the differential cover to the housing, 
the CO, process permits speeds of 140 ipm. Total 
time required for the operation is 28 sec, rather than 39. 
quipment at one plant will include 71 welding heads 
on 31 automatic welding fixtures. 


Based on a story by Westinghouse Electric Corp., Pittsburgh, P: 
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Fig. 1 
assignment. Ata Ford plant, rear axle housings for 1957 
models are welded at speeds up to 140 ipm 


Carbon-dioxide welding process gets a major 


Electrical equipment includes a 600-amp, constant- 
potential power source ol the rectifier type. The 
power source can be remotely controlled and has 
automatic compensation for limiting variations in out- 


put voltage to 0.5 volt 
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SPEEDING PRODUCTION OF 
ALUMINUM OIL TANKS 


Inert-gas-shielded metal-arc process used to 


build leakproof tank trucks 


At the Heil Co. of Milwaukee, Wis., the quality of the 
weld is extra critical — just as important as the material 
being welded. Above all, no weld leakage is permis- 
sible. 

This is one of the many reasons why both manage- 
ment and operating personnel for this leading manu- 
facturer of aluminum tank trucks are using automatic 
and semiautomatic consumable-electrode inert-gas- 
shielded metal-are welding equipment (Fig. 1). 

The efficient production of aluminum transport 


Based on a story by the General Electric Co., Schenectady, N. Y 


Fig. 1 Over-all view of the assembly floor at the Heil Co. 
where aluminum transport tanks are produced 


Fig. 2. Automatic inert-gas metal-arc welding of aluminum 
sheets. Later these will become outer shell of tank 
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tanks presented problems that were solved only when 
this type equipment was put on the line. 

For instance, at one point during the production, 
the welders must crawl through small manholes in the 
tank and make full lap welds 10 to 11 ft long, vertical 
and horizontal, between the heads and the belly 
sections. The automatic current regulation and con- 
stant are length features of the welding machines 
enable the welder to adjust the generator once, without 
having to crawl in and out of tank as often. 

Savings in time, plus less rewelding due to fewer 


Fig. 4 Compartment separators being welded before 
cover is welded in place 
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Fig. 5 Straight lap weld made by automatic inert-gas- 
shielded metal-arc welding 


rejects, have increased the company’s production by 
tank a day—a 35°% increase 
Production Cycle, Step by Step 

The complex trailer assembly starts with an auto- 
matic process (Fig. 2 Two sheets are butt welded 
in an automatic operation that produces a uniform 
weld up to 14 ft long, joining the metal into a single 
piece that will be rolled into the belly of the tank. 

Then, four sheets are butt welded by manual semi- 
automatic welding machines into two sheets which will 
The beads 


are up to 4!/, ft long and are welded in a flat position. 


form the upper shell of the tank (Fig. 3). 


Then the actual assembly begins. The tank is 
positioned on its back and the two halves of the upper 
shell are lap welded onto a 32-ft long catwalk 

Next, heads are set in place on the upper shell 
These are formed in a strong, triple-dished shape 
Two strengthening flanges are fillet-skip welded hor- 
izontally on the plates. Manholes are cut in some of 
the heads and a ring is fillet welded around the holes 

The heads are then attached to the shell by lap welds 
(Fig. 4). The compartment heads are fully welded, 
but the heads inside the large compartment are skip 
welded. Some of the beads here run as long as 10 ft 

With the heads in place, the belly sections are laid 
in place and tightened with metal bands. The sheets 
are tacked with an inert-gas tungsten-are welding 
machine. 

A throat section is then lap welded on and the lon- 


gitudinal seam between the belly and the upper shell 
section is lap welded (Fig. 5 These beads are up to 
32 ft long. 

Wheel pockets are inserted next using fillet and butt 
welds, and then the 20-ft supporting members of the 
belly of the tank are fillet welded from a horizontal 
position (Fig. 6) 

The tank is then turned right side up and the finish- 
ing touches are applied. This is the point where the 
welders must craw] through the small manhole described 
earlier 

The finished tanks (Fig. 7) have capacities running 
from 3000 to 9000 gallons and are as long as 32 ft in 
length. The tank shell is made of 0.156-in. aluminum 
alloy 5154. Tank heads are formed hydraulically 
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Fig. 6 Inert-gas metal-arc weld on butt joint support at 
bottom of tank 


Fig. 7 Finished product—a petroleum truck tank 


from 0.186 aluminum blanks of the same alloy. The 
long supporting members that attach the running 
gear to the tank proper are preformed from 0.250-in 
aluminum. Flawless, leakproof welding is needed to 
turn aluminum sheeting into a tank that will provide 
34,000-lb per sq in. tensile strength, and the manu- 


facturer finds that this type equipment does the job 


13 Units Do the Job 

Heil uses 13 rising volt-ampere generators In the 
tank division and eight semiautomatic wire drives and 
torch units, and one completely automatic welding 
machine. 

To extend the mobility of the semiautomatic equip- 
ment, the company mounts the wire drive unit, tank 
of argon shielding gas, plus source of cooling water 
for torch, on a steel cart. Thus, the power supply is 
the only external connection required by the unit 


Tests 
The tanks 


are first given a dye solution test in the catwalk and 


Strict tests are given the welds at Heil. 


wheel pocket areas to assure leakproof welds. The 
Porosity- 
Then a 


tank is then given an over-all inspection 
free welds, with no undercuts, are a must 
final pressure oil test is given before an O.K, is stamped 
on the finished product. 
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By WILLIAM BROOKS 


A food store, the Penn Fruit Co., in the Philadelphia 


area (Cynwyd, Pa.) uses a 130-ft welded rigid-frame 


span, with the rigid frame exposed to obtain clean 
appearance and unobstructed area. 
The building frame consists of six welded rigid 


frames spaced 21 ft 8 in. with a height at the center of 


24 ft. Between the frames are 12-in. steel purlins that 
carry tees, which, in turn, support a 3-in. gypsum slab 
roof. Since the architects wanted to get the exposed 
steel effect, neither the inside nor the outside flanges 
of the legs of the rigid frames were incased in the 
exterior walls and, in addition, the lower halves of the 
girders are allowed to project below the plaster ceiling 
to give a smart styling effect. 

Several problems were encountered in the building. 
To enhance the over-all appearance, it was desirable 
to have the inside flanges of the legs and the bottom 
flange of the girder of each frame be continuous in a 
smooth curve. This, however, created a problem, 
since calculations called for a 36-in. wide flange section 
for the girder, while, for space purposes only, a 30-in. 
section was wanted for the legs. The flanges of these 
two rolled sections had different widths. This situation 
was solved by using 36 WF 194 sections for both 


William Brooks is Welding Engineer, the Lincoln Electric Co.. Philadelphia 


Fig. 1 Bracing for rigid frames is placed so that it will 
not be visible as part of the steel which is left exposed for 
architectural effect 
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WELDING—KEY TO EXPOSED 
STEEL-FRAME BUILDING 


~ 
Fig. 2 Detail of knee section of 130-ft rigid frame 


girder and legs, but cutting back the leg to 30 in. and 
by replacing the inside flange with a 12- x 1'/2-in. plate 

A curve of the 8-ft 6-in. radius serves as the transi- 
tion from the legs to the girder, which is formed of 
two 36 WF 194 sections inclined 1 in. per ft to a ridge at 
the center where the sections are joined by a field weld 
made with an E-6010 electrode. The curved flange 
had to be prevented from buckling, so the web plate 
of the knee was made of 1 in. thick and three sets of 
triangular stiffeners, 3 x 4 x '/. in., were put in strategic 
points along the curve of the flange. 

tigidity of the frame, braces and web stiffeners was 
assured by putting a single horizontal stiffener high 
enough on the web of the knee, so it would be hidden 
by the ceiling and also extending it into the web of the 
girder. Additional rigidity was further assured by 
welding brackets under the two purlins that join the 
frame near the knee, thus deepening their connections 

The load of 98,500 Ib for each frame is resisted by two 
tie-rods under the floor (Fig. 1). These 1°/s-in. rods 
have an upset of 2' , in. diam at the tread end. But 
there were no shops in the vicinity that could upset 
the rods, so the treaded ends of the required size were 
welded on. Before welding, the rods were ground to a 
60° bevel. The rods were coated with pitch and set 
in sand in a concrete trench to allow for elongation. 


Shop fabrication employed '/,-in., E-6024 electrodes on fillet welds. 
Speeds of 14 ipm netted 30°; savings 
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The weight of each frame was about 22 tons. The 
calculated elongation of the tie-rods under maximum 
live load was 0.54 in. 

Each of the six rigid frames was erected in four 
sections—two sections of the overhead girder plus the 
two leg-and-knee sections. Welded field splices were 
located at the top tangent of the knee and at the 
centerline of the building (Fig. 2). 

Two 15-ton cranes were used to lift the erection for 
the setting legs, and these were joined with the founda- 
tions and the overhanging knee. Then the two 


halves of the top girders were put in place with ends of 
the building centerline and supported on a steel shore- 
an 8 WF 31. 
bracing and field splices tack welded. 

The knee sections were fabricated using E-6024 and 
-6012 electrodes. 
3/,-in. and '/s-in. gage sizes, the multiple 
welds being made at a speed of 14 ipm on the individual 
A '/,-in. size E-6024 electrode was used with 
an estimated saving of 30% over using an E-6012 


Several purlins were put in place for 


Fillet welds in these sections were 
mostly 


passes. 


electrode. 


Fusion welding of aluminum parts often proves diffi- 
cult even for the veteran welder. Harry Thommen 
Co. Ine. of Bridgeport, Connecticut, realized this 
when they recently accepted the job of welding an all- 
aluminum chart table for one of Uncle Sam’s modern 
aircraft carriers. They also knew, however, that 
welding aluminum is no longer the problem that it 
once was—thanks to the argon shielded are 

The component parts of the table, consisting of two 
leg sections and the table top, were formed from 53S 
aluminum alloys, approximately ° j. in. thick. All 


Based on a story by the Linde Company, New York, N. ¥ 


Fig. 1 This operator is nearing completion of the "root 
weld.” He is using an argon flow of 20 cu ft per hr 
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TUNGSTEN-ARC WELDING LICKS 
ALUMINUM TROUBLES 


sections to be welded were veed to a 60 degree angle. 
Two passes were made, as recommended for inert-gas 
tungsten-are welding of most materials over !/,4 in. in 
thickness 
complete fusion to the bottom of the joint (Fig. 1). 


The first pass was a “‘root weld”’ to provide 


Then a second pass was made to complete the joint. 
\ > » in., two percent thoriated-tungsten electrode 
was used with 350 amp alternating current, high-fre- 
queney Filler rod used was the same as the base ma- 
terial 


\fter the welding was completed (see Fig. 2), the 


table was heat treated to relieve stresses 


Fig. 2. This table is soon to see service aboard one of our 
Navy's aircraft carriers. Notice how its parts are clamped 
in place to assure proper spacing of edges to be welded 
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SCRAPPING FOR POWER 


BY J. M. HELLER 


Back of the New York subways, as they rumble under- 
ground carrying their daily load of millions of people, 
stands the powerhouse... vital to the operation of 
this vast transportation system. To maintain peak 
performance is crucial--and old generators must give 
way to the new. 

At the IRT Powerhouse, 59th Street and 11th Ave- 
nue, New York, nine huge generators——erected in 
1902 and having served their purpose well—are now 
being dismantled for an improved power installation 
(Fig. 1). 

Lipsett, Inc., New York, heavy demolition spe- 
cialists, aredoing thiswork which will produce thousands 
of tons of scrap steel. Some of the steel sections cut 
free and hauled away on low boy trailers weigh 45 tons. 

To dismantle these giant generators, heavy-duty 
oxyacetylene cutting equipment is used (Figs. 2 & 3). 
Designed for hard, grueling work on heavy jobs, 
cutting torches easily handle maximum thicknesses 
of 38 in. on this job. Built up steel laminations 24 in. 
thick, with mica sheeting sandwiched between each 
lamination, are also encountered and cut through with 
ease. 

The supply and gas distribution system on this job 
involves the use of an oxygen trailer, along with a 
portable control panel for pressure reduction and 
control (Fig. 4). One inch diam hose from the control 
panel to a six outlet header supplies six cutting oper- 


ators. Acetylene requirements are taken care of by 


manifolding 12 acetylene cylinders. This system is 


J. M. Heller is Technical Representative, Air Reduction Sales Co., Metro- 
politan District 


Fig. 3 Heavy-duty cutting torch, ideal for hard, grueling 
work, ready to slice through huge generator parts 


IRT Powerhouse generators being scrapped Fig. 4 Gas distribution system at IRT Powerhouse, showing 
oxygen trailer 
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tional safety factors. The acetylene gas is transferred 
from the manifold through one-inch diam hose to a 
six outlet acetylene header. 

In the power generating field, as in many others, 


protected by hydraulic flash arrester units and addi- 


rapid technological progress means equally rapid 


obsolescence, and oxygen-cutting techniques like this 


make heavy steel demolition safer, more efficient and 


economical. Scrap is salvaged for new steel and the 


way cleared for ever better equipment. 


A Texas refinery anticipates three times the service 
life from a stem tube it has hard-surfaced with a nickel 
base alloy containing chromium borides. The com- 
ponent operates in a Kellog Ortho flow converter 
fluid catalyst unit. It actuates an 18-in. Wallworth 
plug valve. 

The plug valve is attached to one end of the stem 
tube; the valve stem is attached to the other. When 
opening and closing the valve, the stem tube moves in 
two chrome-cobalt-tungsten castings that are pressed 
into the guide liner. The castings are 12 in. in diam 
by 33/,-in. long. 

Original stem tubes for the unit are chrome plated 
Standard practice is to turn them around once a year 
for more even distribution of wear. On the first turn- 
around at the subject refinery in Texas, erosion was so 
extensive as to prohibit placing the part back in service 

To increase part life and thereby reduce maintenance 
costs, the replacement stem tube was surfaced over an 
area 5 ft by 6 in. long on the 12-in. OD of the tube 
The material used is a nickel-base hard-surfacing alloy 
containing chromium borides; it possesses high abra- 
sion, corrosion, impact and galling resistance and an 
unusually low coefficient of friction. 

In the surfacing procedure used the hard-surfacing 
alloy in powder form is applied with a special pistol to 
the base metal of the part. The mechanically bonded 
powder is then welded to the base metal by application 
of an oxyacetylene torch flame as the part is rotated in 
a lathe. It is then ground to provide a proper surface 
for installation of packing. Following finish grinding, 
the stem tube is ready for installation. 


Based on a story by the Wall Colmonoy Corp., Detroit, Mich 
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TRIPLE LIFE THROUGH HARD SURFACING 
FOR REFINERY CATALYST UNIT COMPONENT 
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Fig. | Stem tube with fusion bonded overlay of hard- 
surfacing alloy before grinding 


Fig. 2. Finish-ground part ready for catalyst unit installa- 
tion. Note highly polished surface achieved which con- 
tributes to reduced packing wear. Low coefficient of fric- 
tion remains relatively constant even after part has been a 
long time in service 
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AUTOMATIC WELDING OF ALUMINUM FUEL 
TANKS FOR ROCKET-PROPELLED MISSILES 


BY J. R. MCFARLAND AND HAROLD DAVIS 


In the fabrication of aluminum fuel tanks for rocket- 
propelled missiles, Hayes Aircraft Co., Birmingham, 
Ala., doubled production speed by a change-over from 
manual to fully automatic welding operations with the 
inert-gas-shielded tungsten-are process (Fig. 1). 

Tanks made on this important government project 
called for two circumferential lap welds on 528 alu- 
minum, 0.091 in. thick. Specifications required that the 
weld—approximately 56 in. in circumference —should 
not exceed a width of 0.250 in. (Fig. 2). In addition 
filler-wire deposition should not be more than 0.015 in. 
above the top surface, and penetration of the weld 
should be between 80 and 100%. These tanks are 
subjected to a hydrostatic test of 40 psi for 10 min, 
which is then followed by an air test of 10 psi. 

Manual welding operations required as much as 18 
min to complete two circumferential welds. When 
the manufacturer went to a fully automatic setup, 
complete handling and welding of a tank required less 
than 10 min. 

The new installation involves the use of a welding 
head with filler-wire feeder. To obtain proper weld 
technique, the welding head was positioned approxi- 
mately six degrees off the vertical plane with the weld 
being made at 12 o’clock in relation to the rotation of 


J. R. McFarland is Technical Representative, Air Reduction Sales Co 
Kirmingham District, and Harold Davis is Process Engineer, Air Reduction 
Sales Co... New York, N 


Fig. 1 Complete view of automatic welding installation for 
circumferential welds on aluminum fuel tanks for rocket- 
propelled missiles. Welds had to be made to critical 
specifications 
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the tank. Filler-wire feeder is located directly to the 
rear of the operation to allow a straight run for the 
wire, and the wire guide is positioned approximately 
21 degrees off the horizontal plane. Welding speed is 
15 ipm with 50 cfh argon shielding, and ! j¢-in. diam 
545 filler wire is used at 110 ipm (Fig. 3). 

In addition to increased production speed, Hayes 
obtained consistently excellent weld results because of 
the full control of adjustment factors made possible 
with a fully automatic welding installation. 


Fig. 2 Close-up of welding operation. Circumferential 
lap welds made on 52S aluminum, 0.091 in. thick. Weld 
56 in. in circumference could not exceed 0.250-in. width 


Fig. 3. Automatic welding speed is 15 ipm. 


Automatic 
installation doubled production speed over former manual 
operation 
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TRACTOR COMPANY WELDS GALVANIZED IRON 
WITH ALUMINUM BRONZE 


BY C. V. KENNEY 


At Caterpillar Tractor Co., one of the world’s largest 
and most renowned builders of tract-type tractors, 
diesel power units, hauling scrapers, road graders and 
other types of earth moving equipment, quality 
standards must be exceptionally high due to the severe 
service conditions encountered in the use of their 
products. 

In fact, this company invests thousands of dollars 
annually in welding research to find better materials 
and develop better methods of fabricating their prod- 
ucts, as well as in plant maintenance and repair. 

After extensive welding and corrosion testing, 
KCuAl-A2 electrodes were selected by Caterpillar 
welding engineers to fabricate the galvanized hood and 
piping shown in Figs. 1 and 2. 

Both hood and piping in this exhaust system and 
exposed stacks were fabricated from 16-gage gal- 
vanized sheet using */3.-in. diam ECuAl-A2 electrodes 
with reverse polarity, direct current and the metal-are 
process, saving 30% on welding time over former 
methods used for similar fabrications made in the past. 

To determine corrosion resistance of the galvanized 
steel welded with ECuAl-A2 electrodes, several 16- 
gage galvanized steel samples were welded and placed 
in a container (as shown) with a strong salt brine 
composed of one part salt and five parts water (Fig. 3 
This brine solution was allowed to creep by capillary 
action over the entire plate and weld area for 100 days, 
C. V. Kenney is associated with Machinery & Welder Cory 
All photos courtesy of Ampco Metal, Inc., Milwaukee, Wis 


Fig. 1 Large galvanized steel hood after welding 
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Fig. 2 16-gage galvanized steel ducts fabricated with 
ECuAI-A2 electrode 


during which time periodical observations were made 
to determine effect. The weld area was affected by 
corrosion at about the same time and to the same extent 
as the nonheated part of the test plates 

ECuAl-A2 electrode was selected for use in welding 
galvanized sheet because 1) it can be applied at a 
faster rate of travel burning away less galvanizing at 
the joint; (2) it produces sound welds that are water- 
tight; (3) it resists corrosion; (4) it can be applied 
with a minimum of joint preparation; (5) the beads 
are smooth with uniform penetration; and (6) the 


deposit mechanical properties are comparable to those 


of the base metal 


Fig. 3 Welded specimens tested in brine solution 
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STANDARDIZED BRACES AND 


CORNERS DESIGNED TO IMPROVE 


Modern weldments can easily be designed to appeal 
to the estheties of the curve and smooth-flowing line. 
Economy of fabrication in these designs, however, may 
not always be so easily obtained. 

Looking at this problem, the Conner Steel Products 
Co., Detroit, decided something should be done about 
it. They interviewed scores of fabricators throughout 
the country and found some agreement on the problem 
of fabricating welded assemblies for good appearance. 

They concluded, as ons result of this product re- 
search effort, that two or three simple, geometrical 
shapes, formed to precision dimensions and sold at 
moderate cost, might offer builders of weldments a 


means of economizing in their efforts to “smooth up” 
their designs. Thus far, they have originated U- 
braces, pyramid or V-shaped braces and spherical 
corners to fit such requirements. They are supplied 
in mild steel, stainless steel and aluminum alloys. 
Accompanying illustrations show various sizes and how 
they are installed (Figs. 1 to 4) 

Spherical corners, for example, are available in 
thicknesses of 18 to 10 gage and radii ranging from !/» 
to 3.in. So-called U-shaped braces may be obtained 
from | »-in. width by 2-in. angle side to 1-in. width and 
6-in. angle—these for right angle bracing and in 
thicknesses of sand * 

Stronger corner braces, because of their lateral flaring 
from the 45° hypotenuse are the pyramid or V-type, 
precision formed and finished in thicknesses of 


wand '/,in. 


an award-winning paperin a recent design competition sponsored 
The James F. Lincoln Are Welding Foundation, Cleveland, Ohio 


Fig. | Assorted sizes of U-shaped and pyramid or V- 
shaped corner braces, with a line of spherical corners be- 
tween them, are designed as an aid to better appearing 
weldments 
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APPEARANCE OF WELDMENTS 


Fig. 2. Installation of a typical pyramid corner brace on an 
angle frame. By flaring the sides, additional lateral sup- 
port is provided to the 45° hypotenuse of the piece 


Fig. 3 Being precision formed and finished, these large 
and small corner braces make full contact with the frame 
members to which they are welded, with resultant maximum 
strengthening 


Fig. 4 How a standardized spherical corner is fitted into a 
notched and bent plate of a typical machine base or pan to 
improve the over-all streamlined appearance 
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Fig. 1 Longitudinal welds of doubler plates to the main 
legs of offshore oil drilling plotforms are made by two 
mechanized submerged-arc welding heads mounted on 
carriages 


Fig. 2. An operator using a tungsten-arc torch makes a 
longitudinal butt weld in a wrapping of Monel alloy for 
carbon steel pipe. No postweld cleaning is necessary for 
this operation 


WELDING TREASURE ISLANDS 


Man’s quest for the black gold cached by nature be- 
neath the Gulf of Mexico led to the development of a 
new industry—the building of huge offshore oil drilling 
platforms. These vital man-made islands, often as 
high as eight story buildings and weighing from 250 
to 1200 tons, are set in water 35 to 90 ft deep and are 
located as far as 35 miles from shore 

Pounding waves and salt water corrosion have pre- 
sented special problems in the construction of these 
platforms. Reinforcement of key areas is essential 
Weld quality is important 

Dupont Fabricators, Inc., Morgan City, La., a pio- 
neer builder of these structures, saved hundreds of 
man-hours and increased weld quality of the platforms 
by using manual tungsten-are argon-shielded and 
mechanized submerged-are welding to replace former 
welding methods 

Rapid corrosion of the steel legs at the splash zone 


Based or “te the Linde Company, New York, N. ¥ 


Fig. 3. This is one section of an offshore oil drilling plat- 
form in the process of being built 


1957 


the area where waves hit the legs Was & Majo prob- 
lem Sheets of 20-gage Monel alloy or copper are now 
used to provide additional protection for the carbon 
steel pipe. Longitudinal butt welds and circumfer. 
ential fillet welds of these wrappings are made by 
manual tungsten-are argon-shielded welding. This 
builder selected this welding process because it is fast 
and post-weld cleaning is eliminated 

Man-hour savings in welding of doubler plates to the 
main structure legs is made possible by mechanized 
submerged-are welding 


legs at points where horizontal and diagonal braces 


These plates reinforce the 


meet Now, with this welding process, it takes one 
operator one day to complete a job which previously 
required five men 

Several hundred man-hours also were saved by 
mechanized submerged-are welding of multiple joints 
in piling, which usually consists of four or five lengths 


of 33-in. diam pipe 


Fig. 4 Wrappings of 20-gage Monel alloy may be seen 
at the splash zone of this offshore oil drilling platform 
located in the Gulf of Mexico 
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Greenberg Joins Westinghouse, 
Fenton Appointed Technical Secretary 


Simon A. Greenberg 


Iiffective June 1, 1957, Simon A. 
Greenberg became associated with the 
Atomic Power Division of Westing- 
house Electric Corp. in Large, Pa., 
thereby 
technical secretary of AWS, a post he 
had held for ten years 

Mr. Greenberg is a graduate of 
Brooklyn Polytechnic Institute. His 
subsequent experience included welding 


relinquishing his position as 
| 


inspection, qualification and design with 
the Brooklyn and Philadelphia Navy 
Yards and with private industry. 

He was made Assistant Technical 
Secretary in 1942 and later Acting 
Technical Secretary. Mr. Greenberg 
was appointed Technical Secretary in 
1947 and, at the same time, assumed the 
editorship of the 3rd Edition of the 
HANDBOOK. 

Edward A. Fenton has been ap- 
pointed technical secretary to replace 


Edward A. Fenton 


\Ir. Greenberg. 

Mr. Fenton, who joined the Socrery 
staff in 1954 as assistant to the technical 
secretary, Was promoted to assistant 
technical secretary on Jan. 1, 1957. 

He attended the College of the City 
of New York and graduated in 1947 
with a degree of Bachelor of Mechanical 
Engineering. He later attended the 
Polytechnic Institute of Brooklyn and 
received the degree of Master of Met- 
allurgical Engineering. 

From 1947 to 1954, Mr. Fenton held 
positions of a welding and metallurgical 
nature in the shipbuilding, railroad, oil 
refinery, chemical plant and jet engine 
industries. 

He is a2 member of the AmerRICAN 
WELDING Soctery, American Society 
for Metals, Sigma Ni and is a registered 
professional engineer in the State of 


New York. 


Seven Supporting Companies 
from New England 


Supporting Company Member en- 
rollment applications have been received 
from six organizations, all located in 


Rhode Island: B-I-F Industries, Ine., 


345 Harris Ave., Providence; Corp 
Brothers, Inc., | Brook St., Providence; 
Cranston Welding & Supply Co., 1425 
Park Ave., Cranston; G. H. Wood «& 
Son, 22 Manson Ave., Norwood: Rhode 
Island Welding Supply Co., Inc., 561 
S. Main St., Providence; Rumford 


Soctety News 


Steel Products, Ine., 200 Point St 
Providence. All these enrollments be- 
came effective on July Ist. 

Still another Supporting Company 
enrollment is the A. F. Robinson 
Boiler Works, 200 2nd St., Cambridge 
42, Mass. 


Asiatic Petroleum New 
Sustaining Member 


Asiatic Petroleum Corp. with mai 
offices at 50 W. 50th St. in New York 
Citv, has assumed Sustaining Member- 
ship in the American WeLpiIna So- 
ciety. Mr. S. J. Veenstra will be the 
Sustaining Member Representative. 


Chicago, Burlington & Quincy 
R. R. New Sustaining Member 


The Chicago, Burlington & Quine) 
tuilroad of Aurora, Ill., joins the ex- 
panding list of companies with sustain- 
AMERICAN 


ing memberships in the 
WELDING Soctery. 

Its important function in passenger 
and freight transportation necessitates 
the company to use many types ot 


District 1 to Hold 
Welding Conference 


On Sept. 18, 1957, all sections 
within District 1 of the AMERICAN 
WELDING Soctery will sponsor 
the Second Annual New England 
Conference on Welding at New 
England Mutual Hall in Boston, 
Mass. The Boston Section will 
act as host. 

Tentative plans include morn- 
ing sessions on high-temperature 
brazing, the welding of stainless 
steel and welding for nuclear 
reactors. social hour and 
banquet in the early evening will 
be preceded by afternoon sessions 
on automatic welding, tool steel 
and magnetic force welding. 

Any inquiries for reservations 
or information should be directed 
to Allan Rosenberg, General Elec- 
rice Oo. A. A. Dept., 920 
Western Ave., Lynn, Mass. 
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welding in connection with maintenance Great Northern Railway 
and repair of locomotives, freight and A Sustains 

passenger cars, track equipment and 
structures, as well as construction of Membership 


The Great Northern Railway 


The Sustaining Member representa- ee 
St. Paul, Minn., has become a sustaining 


tive is R. A. Boerke 
member in the AMERICAN WELDING 


SOCIETY 


Detroit Edison Becomes Great Northern Railway is an 8250- 
Sustaining Member mile system serving ten Northwest 


~ hetween | ike Superior and the 
The Detroit Edison Co., 2000 Second 


Ave., Detroit 26, Mich., has become a nada 

Sustaining Member of the American Forerunner of Great Northern was the . 
WELDING SOCIETY St. Paul & Paeif first railway in \ 


Detroit [Edison supplies residential, Minnesota. This li was acquired 
commercial and industrial electric-power by Janos. lend C. B. Smith 
requirements in nie ind gradually expunded into the present 
eastern Michigan area with a population svatem. Witl rt] r. Smith is nsed engineer in the 
of more than 4 million cluding Great Northern controls tl , j mploved by 
metropolitan Detroit, the service area m. and shares ownership of th he leach | on of Douglas 
has 63 cities, 76 incorpo! ited village nokane tland rey s assistant chief of ma- 
ind some 254 unincorporated con J. L. Robso is mber rials ovess Active in 
munities. The company owns an representative O or 14 s he recently 
operates 6 large steam-electric and 5 conclud successful term as chairman 
small hydroelectric power plants 
total capability of 2841 OOO kw Cc. B. Smith Appointed 
tric service is provided to 1,192,000 National Membership 
customers. The company also owns Chairman 
ind operates 4 large central steam- 
heating plants which serve 1760 com- At the June 4th meeting of the board 
mereial and industrial customers in of directors of the AMERICAN WELDING 
Detroit. Society in New York City, C. B. Smith 

The Sustaining Member representa- was appointed national membership 


tive is E. G. Shifrin chairman 


AWS DIRECTORS-AT-LARGE 


relinquished the 
‘echni secretary ol our 
Term Expires 1958 1959 1960 | ince coming with the Soct- 
F. H. Dill J. H. Blankenbuehler J. F. Deffenbaugh — — 
ne ol members ane 
E. D. Peters G. E. Linnert A. E. Pearson me acquainted with a rather large 
umil n saving farewell I 
J. L. Wilson P. G. Parks C. M. Styer ik th 
R. J. Yarrow F. H. Stevenson R. M. Wilson, Jr. how g Ly} ure | s been to work 
with and fe hen seems needless 
for me to urg ‘mi to continue to sup- 
AWS DISTRICT DIRECTORS port the Sociery and to take advantage 

of the m 
My a ition with the Atomie 
Power Division of nghouse Elec- 
District No. 2*Middle Eastern D. B. Howard District No. 8*Midwest F. G. Singleton trie Corp. i ree i. (a suburb of 
Pittsburg happy to say, will 
contact with 


District No. 1 *New England Sidney Low District No. 7* West Central A. F. Chouinard 


District No. 3*North Central H. E. Miller District No. 9*Southwest P. V. Pennybacker 


District No. 4*Southeast E. C. Miller District No. 10° Western C. L. Breese nany ¢ he trend have made I 
} | take occasion to 


hen they find that 


District No. 5¢East Central H. E. Schultz District No. 11 *Northwest C. B. Robinson 


District No. 6*Central Keith Sheren hey ar he Pittsburgh area 
ce} em fora 
and 


Honorary Life Director C. A. Adams Junior Past-President J. H. Humberstone ‘that I have served them well 
\M[v special thanks to vou, Bonney, 
Junior Past-President F. L. Plummer Junior Past-President J. J. Chyle for giving me the space for this note. 


Sincerely 


Simon A. (S1) GREENBERG 
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Die 


THINGS YOU SHOULD KNOW 


e On June 3rd the Finance and Execu- 
tive Committees of your Board of 
Directors met at Society Headquarters 
under the joint chairmanship of Treas- 
urer H. Kk. Rockefeller and President C. 
P. Sander. Treasurer Rockefeller sub- 
mitted a suggested balanced budget with 
format changed from that of previous 
vears se as to clearly show income and 
expense, including overhead, for each 
major group of Sociery activities. With 
minor modifications this budget was 
approved by both committees and _ re- 
ferred to the Board of Directors with 
recommendation for its approval, 

e On June 4th a well attended meeting 
of your Board of Directors was held at 
Hotel Commodore in New York with 
President presiding. The 
budget covering 1957-58 activities of the 


Sander 


Sociery was approved as recommended 
by the Finance and Executive Commit- 
tees. Treasurer Rockefeller and_ staff 
members were extended a special vote 
of thanks for the excellent presentation 
of income and expense figures in a 
logical and easily understood format. 
At this meeting your Board unanimously 
approved the appointment of the writer 
to serve as your National Secretary. 

e President Sander submitted his rec- 
ommendations for appointments — of 
officers and members of our many im- 
portant standing and special committees 
for the 1957-58 vear. These recom- 
mendations were approved. The fact 
that men of outstanding ability, with 
the generous support of the companies 
with which they are 
willing to serve the Sociery so effec- 


associated, are 


tively makes possible the broad and 
diverse program of activities conducted 
by vour SOCIETY. 

e National Membership Chairman C. 
B. Smith attended the meeting as a 
guest and discussed plans for promoting 
membership activities. 

e District Director Sidney re- 
quested approval of a new AWS Section 
to be known as the Providence (R.L.) 
Section. Approval was granted and on 
June 5th charter members held a dinner 
meeting. H. Thielsch, who was very 
active in organizing this section, reports 
a total of 101 members of whom 84 are 
new members of the Sociery. We all 
welcome this group which becomes our 
eighty -second active section. 

e June 13th marked a meeting of the 
Technical Council of the Board of 
Directors held in Pittsburgh with its 
chairman, First Vice-President G. O. 
Hoglund, presiding. It was agreed that 
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Ix. A. Fenton should be made Tech- 
nical Secretary and that an assistant to 
the Technical should be 
hired. 

eC. Kk. Jackson, Chairman of the 
Educational Activities Committee, out- 
lined the extensive activities of this 
committee and its several subcommit- 
tees during the past two vears. These 
activities, conducted with very little 
assistance from headquarters staff, in- 
clude the outstanding symposium held 
at the annual meeting in Philadelphia, 
and are concerned with the develop- 
ment of outlines and texts for AWS 
Section courses, in-plant training, ap- 


Secretary 


prentice training, college training and 
visual aids. It was agreed that staff 
assistance for this important program 
was essential and should include a 
secretary for EAC who would coordinate 
material, prepare final drafts of out- 
lines and texts, and serve as head- 
quarters contact for Section Liaison 
Representatives. It was further 
agreed that during the current year 
Handbook Editor A. L. Phillips would 
act as secretary for FAC. 

e The Technical Council discussed in 
detail staff providing 
adequate headquarters support for tech- 
nical, handbook and educational com- 
mittee activities which are being con- 
tinuously expanded even though Society 
finances do not permit the addition of 
staff members. The National Secre- 
tary was instructed to assist the Tech- 
nical Secretary and Handbook Editor 


problems, in 


in planning their activities so as to 
provide full secretarial service to main 
committees only. In general, subcom- 
mittees will be expected to keep their 
own records and furnish copies to the 
proper staff members. 

e Exposition Manager Kenworthy, As- 
sistant Secretary Mooney and your 
National Secretary journeyed to St. 
Louis on June 25th and 26th to confer 
with the Fire Marshal and other city offi- 
cials, exposition hall and hotel managers, 
convention and housing bureau staffs, 
and others in order to complete prelim- 
inary arrangements for our An- 
nual Meeting and Welding Exposition to 
be held there April 14th to ISth. Harvey 
M. Gillerman, 1956-57 Chairman of the 
St. Louis Section, who has been named 
Chairman of the St. Louis Arrange- 
ments Committee, held an orientation 
meeting for the key men who will assist 
him in planning local arrangements for 
this convention. 

e On June 27th and 28th your Nationa! 
Secretary joined District Director P. V. 
Pennybacker in a meeting of District 9 
Section Officers held in Shreveport, La. 
with the local Section, of which Jack 
York is Chairman, acting as _ host. 
Hurricane Audrey tried hard but failed 
to stop a delegation of five from Hous- 
ton, headed by Chairman Roy Pringle, 
who responded to a 4:00 A.M. call and 
left ahead of the storm in a private 
plane. Representatives from Dallas, 
Houston, Oklahoma City, Shreveport 
and Tulsa Sections and the Austin 
Division of the Houston Section took 
part in the conference. Other Division 
representatives were prevented from 
attending by the hurricane weather 
A carefully planned program resulted 
in an unusually productive group of 
discussions. 


Fred L. Plummer 


DOINGS 


Welding Education 
Correspondence Courses 
by William J. Williams 


During World War II the companies 
which met their production goals from 
the start were those with established 
training programs in operation. Edu- 
cation and job-related training, conse- 
quently, are now regarded with much 
the same importance as the installation 
of new machinery. 

Processes, products, machines and 
industries have become too complex for 


William J. Williams is Director of the School of 
Shop Practice, International Correspondence 
Schools, Seranton, Pa 
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the necessary knowledge and skill to be 
“picked up” by 
Know-how alone is insufficient today ; it 
must be supplemented with know-why 
This is where education works side by 
side with industry. Industry supplies 
two of the necessary factors—the work 
experience and the opportunity to ob- 
serve how it is done. The third factor, 
related study, must be provided by edu- 
cation, 

Relatively few of our personnel en- 
gaged in welding operations have ob- 
tained their specialized knowledge from 
any single source of formal education 
Many have learned by observation, 
others by inplant training programs, 
some by courses given by manufacturers 


observation alone 
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and others by university, college, vo- 
cational or correspondence courses 

No one method of disseminating 
knowledge will fulfill all the needs of 
industry and all the requirements of an 
individual 
each serves a particular purpose 

The problem is not the method, but 
the lack of welding educational facilities 
available for the number who need them 
Industry’s lack of trained workers poses 
the real problem. In 1910 unskilled 
workers accounted for 36% of the work 
In 1950 the percentage of un- 
skilled was down to 19% Keach year 
the percentage ol unskilled workers 
required by industry falls still lower and 
it will continue to fall with each tech- 
Lack ol skilled 


workers is actually retarding the prog- 


Each method is good and 


force 


nological advance 
ress of industry in some fields 
Correspondence COUrSeS have become 
an integral part of our education system 
and supply a need which would be 
difficult to fill by any other means The 
merits of one system of education versus 
another can be argued at length but the 
fact remains that 
brought to many 


education can be 
people by no other 
means than by mail 

Trade and vocational schools do not 


always supply the answer to an indi- 


vidual’s need. student must 
brought to the source of the education 
whereas by correspondence the educa- 
tion is brought to the student. Further- 


more, a stil] more important factor must 
be taken into there 
simply are not enough schools available 


consideration: 


to house prospective students 

Among the advantages of correspond- 
ence courses are the following: 

l The student can 
work while studying. 

2. He can study at his own pace and 
at hours convenient to him 

3 If his work takes him to another 
“education” 


continue his 


location his accompanies 
him 

} Psychological difficulties are elim- 
inated. An older student 
study in the seclusion of his home rather 


prefers to 


than suffer the possible embarrassment 
of appearing slower mentally than stu- 
dents vounger than himself 

5. The effort of hurrying 
changing clothes and rushing off to 
class several nights a week is eliminated 

6. A student is not restricted by 
semesters. He may begin at any time 
and, if he so desires, work through the 
closed for 


home, 


periods when schools are 
vacations. 

Correspondence study is a valuable 
tool. It cannot be expected to take the 
place of a formal education but it can 
fill the gaps in a formal education. 
When an education is interrupted by 
circumstances beyond the control of the 
student, correspondence study permits 
him to continue his studies when circum- 
stances become more favorable. 
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Correspondence courses must be ex- 
ceptionally well written and in language 
EMPLOYMENT suitable te the educational standard of 
the student. No teacher is present from 

OPPORTUNITY whom further explanation may be ob- D E S/ G N 
tained. At the time of reading, the 
student is on his own. The need for 

FOR ENGINEER simple, clear-cut statements and short, PA PE R S 
direct explanations is obvious, if the 
student is to obtain maximum benefit 

AWS is seeking - from the course. Papers dealing with the prog- 


neer to join Headquarters’ There are few occupations which can- 

benefit from corresponds nee study. 
istant 

Technical Staft as Assis It gives a student, whether he be a grad- structural design and machine 

to the Technical Secretary. uate engineer or a trainee welder, the 


opportunity to improve his position by 


ress of welding in the field of 


design are solicited for the 1958 


job-related study. It enables him to AWS Nati 
— ational Spring Meetin 
Here are the duties select the subject or subjects he needs sii mg 
Working with AWS technical com- without having to adhere to a curric- in St. Louis, Mo. For proper con- 
i ulum in which there may be subjects he 
mittees in gathering and correlating 1 th 1st ue sideration, manuscripts or 500- 


does not need This high degree of 


selectivity permits ry student to pin- word abstracts, must reach AWS 
point his study to his present or future 


technical data; preparing minutes, 
reports and other records of committee 


activities; editing standards for pub- activities Headquarters prior to August 15, 
i i ‘orres ence ins e 
lication as completed. Correspondence « lucati n has prov d 1957. Send all manuscripts or 
fe} 4 its value. It takes its place with other 
methods of disseminating knowledge. abstracts to: 
activities for most efficient progress. It is an additional tool with which to 


keep pace with the ever-increasing de- 


Di inati technical inf ti 
mand for traine d men Education and AMERICAN WELDING 
in answer to inquiries trom industry. will ws the SOCIETY 33 W. 39th 
Related duties as assigned. working force we need to maintain our ° 
St., New York 18, N. Y. 


position as the world’s greatest indus- 


Here are the qualifications— trial nation 


Ability to work with technical men at 
all levels in a cooperative manner. 
This is necessary to successfully deal CHANGE OF RESIDENCE ADDRESS 


with committee personnel, AWS mem- 


bers and the general public. OR COMPANY AFFILIATION 


A degree in engineering, any branch. ee 


At least three years experience in (Please Print) 
engineering work, preferably in weld- 


ing or allied fields. LAST FIRST ey; MIDDLE 


Here is an opportunity— 


The man we are seeking has initiative - STREET 
and imagination and is interested in 
becoming familiar with welding in all 
its aspects and for every type of appli- 


cation. Salary will be commensurate Company Name 


ciTy ZONE STATE 


with qualifications and experience. 


If interested in being interviewed for 


this position, send a resume* of your 


STREET 
education, experience and personal 
city ZONE STATE 
American Welding Society Mail should be sent to my residence [] company [] (check one) 
33 West 39th Street 1 wish to be affiliated with the ......cccccceecccesccceecccecccees AWS Section 
New York 18, N. Y. Note: To assure that your copy of the Welding Journal is mailed to your new address, this change of 


address notice must be received at American Welding Society, 33 West 39th Street, New York 


* Will be held confidential. 
18, N.Y., no later than the 25th of the month previous to issue mailing. 
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as reported to Catherine O'Leary 


GASEOUS FUELS 
Chicago, Ill.—The regular monthly 


meeting of the Chicago Section was 
held on May 12th. Speaker was A. 
F. Chouinard, director of District No. 
‘Fe His subject, “Gases Used in the 
Welding Industry,” dealt with the 
basic physical properties of gaseous 
fuels used in the welding industry. 
Color slides were used in presenting 
the subject which gave facts and fig- 
ures on flame te mperatures heat con- 
tents and combustion ratios 

The pre-meeting movie, which por- 
trayed the building of the Golden Gate 
Bridge from its infaney, was of in- 
terest to the group even though it 
was an all rivet rather than welding 
construction 


ANNUAL PICNIC 


Dayton, Ohio—Ninety-six mem- 
bers and guests attended the Annual 


Picnic sponsored by the Dayton sec- 
tion and held at the Inland Activities 
Center in Dayton 

The picnic began at 5:00 P.M 
on Tuesday, June 11th. The pro- 
gram included games, bingo, enter- 
tainment, refreshments and dinner 
The climax of the evening was the 
awarding of past-chairman certificates 
to all of the former chairmen of the 


Section 


ANNUAL LADIES NIGHT 


Detroit, Mich.—TVhe Detroit Se: 
tion’s annual “Ladies Night” party 
ld on May ISth at the Latin 
Quarter in Detroi The party was a 
complete }] t and was attended 
bv some S50 guests 
Various companies donated door 
prizes and some extremely fine prizes 
wert displaved on thi ag 


‘ 


Dinner was served a 30, followed 


DETROIT SECTION HOLDS LADIES NIGHT 


The annual Ladies Night Party held by the Detroit Section on May 18th was 


tended by some 850 members and guests. 


Here’s part of the large crowd 


Past President John J. Chyle and his charming wife were among the guests. They 
are shown above with Mr. and Mrs. T. J. Crawford and Mr. and Mrs. R. P. Wolgast 
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by distribution of door prizes and s 
Fu Fashion Show and Floor Show 
Dancing started at 10:30 with two 
bands playing continuously. 

National president Chyle and his 
charming wife were guests of Mr. and 
Mrs. Crawford and Mr. and Mrs 
Wolgast. 

This annual party is one of the best 
and largest in the Detroit area and has 
become one of the better parties to 
attend—thanks to a very hard work- 
ing Secti 


PLANT TOUR 


Troy, Ohio Thirty-three members 
the Section participated 
f { Hobart Bros 
24th 
rior to dinner in 
| A. Hobart 
resting talk o1 
ons in Florida 
mined are used 
ectrode coatings 
followed dinne: 
were elected 
rm: Chairman 
irst Viee-Chatr- 
Second Vice- 
Hilbert; Treas 


and Secretary 


ess meeting a 
are welding 
idapohl AWS), ot 
ipment division, 


WELDMENT PERFORMANCE 


Allentown, Pa.—P. P. Puzak, head 
Welding Section, Metallurgy Division 

the Naval Resears Laboratory 
as the technical speaker at the May 
6th meeting i] h Lehigh Valle / 
Section His subject, ‘“‘Faetors In- 
fluencing Servic Performance — of 
ddments, dealt with problems 
lding structural steel and methods 

luating these weldments. Slides 
were shown on the performance of 
various weldments and examples al 
brittle failure in shij and pressure 
vessels 

Methods predicting weld fail- 
ures were accomplished by observing 
sharp crack defects from are strike 
and from series of explosive-typ« 
tests Working behavior of metals 
could be predicted in specific types ot 
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INDIANA SECTION TOURS HOBART PLANT 


4 


On May 24th, thirty-three of the above members of the Indiana Section toured 
Hobart Bros. plant at Troy, Ohio. At right is W. H. Hobart, Jr., who welcomed the 


visitors to the plant 


loadings from the explosive and drop- 
weight tests. 

The speaker stated from observa- 
tions that were noted in failures in 
ships and pressure vessels that ‘‘a 
fracture starting in one place can 
run through a whole series of plates 
and is dependent on the plate quality, 
type of service and temperature.” 
The significance of Charpy V tests to 
crack-starter tests in ship steel was 
pronounced. The correlation of the 
Charpy V test at various test tem- 
peratures above pressure-vessel fail- 
ures Was noted. It was observed in 
some ship-failure instances that welds 
stopped a continuation of cracks in 
plates. 

From the above tests and observa- 
tions it was possible to evaluate welds 
and types ol steel for service condi- 
tions of use. The service conditions 
of use were classified as general, ac- 


cident and military 

The objective was “what an en- 
gineer can predict for a certain service 
use from Charpy V tests to eliminate 
failures in weldments.”’ 


AIRCRAFT ENGINE 
STRUCTURES 


Huntington Park, Calif...The Air- 
craft and Rocketry Panel of the Los 
Angeles Section held its last technical 
meeting of the season on June 6th at 
the Elks Lodge in Huntington Park 
with 5S members and guests present. 

Speaker of the evening was Frank 
Harkins @S§, chief process enginees 
for the Solar Aireraft Co., San Diego. 
His subject for the evening was “Ap- 
plication of Inert-Are Welder Proc- 
esses to High and Low Alloy Aircraft 
Engine Struetures.”’ In his paper, 
Mr. Harkins covered the many prob- 
lems encountered by the welding 
engineer where the specific use of 


these processes is made mandatory by 
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engineering callout to the exclusion of 
other welding processes. In discuss- 
ing the many problems encountered, 
the speaker described the efforts put 
forth at Solar in finding acceptable 
solution to them. The paper was 


very well presented and well sup- 
ported with slides showing the many 
mechanized uses of automatic inert- 
are welding. Upon the conclusion ot 
his presentation, Mr. Harkins was 
presented with a pen set in apprecia- 
tion of a job well done. 


EXECUTIVE COMMITTEE 
MEETING 


Los Angeles, Calif.— The Los An- 
geles Section held its last Executive 
Committee meeting for the year on 
June 13, 1957. 

The meeting was held in the Tro- 
jan Room of the Biltmore Hotel in 
Los Angeles, with Charles B. Smith, 
Section Chairman and Asst. Chief 
Process Engineer for the Douglas 
Aircraft Co., Long Beach plant, pre- 
siding. 

Guests present were National Pres- 
ident C. P. Sander of Consolidated 
Western Steel; W. W. Wakee, Chair- 
man-elect for the coming year of Cal. 
Poly’s Student Chapter and student 
Ek. P. Bongio of Cal. State Poly. 


HARKINS SPEAKS ON AIRCRAFT WELDING 


Seated at the speaker's table, during the June 6th meeting of the Aircraft and 
Rocketry Panel of the Los Angeles Section are, left to right, Harlan Meredith, John 
Ross, guest speaker Frank Harkins, Panel Chairman Mario Ochieano, Leo West and 
Howard Eubanks 


Mr. Harkins in the process of delivering 
his talk on application of inert-arc 
welding processes to the high and low- 
alloy aircraft engine structure 
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Mr. Ross, Section Secretary, addressing 
the members and guests present on 
the advantages of membership in 
AWS 
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AT JUNE MEETING OF LOS ANGELES SECTION EXECUTIVE COMMITTEE 


Newly elected officers of Los Angeles Section are shown with AWS President C. P. 


Sander at the June 13th meeting of the Executive Committee. 
D. P. O'Connor, chairman; 


Dick Hayes, secretary; Mr. Sander; 
vice-chairman 


Chairman Smith opened the meet- 
introducing C. P. “Sandy”’ 
Sander, who announced the resigna- 
tion of J. G. Magrath as national 
secretary and the appointment of F. 
L. Plummer as his successor 
Chairman Smith then called upon 
each committee chairman individu- 
ally to make a report of his activities 
for the past year and a discussion was 


held and, 


ing by 


where needed, suggestions 


Left to right, are 
and John Ross, 


for improvement wert 

Mr. Wakee, a student at Cal. State 
Poly, discussed 
met! employm«e nt for 
a program to the 


probl m ot sum- 
students and 
distributed copies ol 
members explaining how the Student 
Chapter can cooperate with industry 

Mr. Drahos reported that the U.S. 
Dept. of Commerce was compiling a 
welding ma- 


complete report of all 


terial that will soon be available. 


ANNUAL SOCIAL HELD BY MADISON SECTION 


ry 


Part of the attending members and their ladies at dinner during the annual Social 


held by the Madison Section 


Fred Theiler, outgoing Section Chair- 
man, presenting Meritorious Certifi- 
cate Award to past chairman, Howard 
Adkins 
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Ray Knudtson, newly installed Section 
Chairman, presenting a token of ap- 
preciation to Mr. Theiler 
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Outgoing chairman of Aircraft and 
Rocketry Panel, Mario Ochieano, is 
pictured above with incoming chair- 
man, Leo West 


ANNUAL SOCIAL 


Madison, Wis.—The annual social 
of the Madison Section was held at 
the Blackhawk Country Club in 
Madison A dinner and dance fol- 
lowed a cocktail hour which began at 
5:30 The function was attended by 
forty me guests and brought 


to an end a successft 


mbers and 
hted by the 

presentation of the rious ertifi- 
eate Award to Howard E. Adkins 
who was chairman during 1955-56. 

In addition to the 
pin, Fred Theile: 
token of appreciatio 
Section 


The evening W 


chairman’s 
presented a 
1 behalf of the 


The following officer installed 
for the coming veai hairman: Ray 
Knudtson Harold 
May; Seco ice-Chairman: Carl 
Seitz: se Ken- 


neth Smith 


GET-TOGETHER MEETING 
Newark, N. J.—The regular 


monthly meeting of the New Jersey 
Section was held on Tuesday evening, 
May 2\Ist at the Essex House Hotel 
in Newark 

Following the 
last meeting of the season was a non- 
technical get-together featuring Sam- 
uel H. Ramsay, one of the country’s 
foremost humorists, who gave _ his 
audie nce an evening of rare entertain- 
ment with his subject “‘The Value of a 
Sense of Humor.”’ 


usual custom, the 


The evening’s activities started 
with a Social Hour at 6:00 P.M. with 
cocktails and appetizers, followed by 
Dinner and short film in color en- 
titled, ‘‘Challenge on the Lake’’ 
ing Don Campbell breaking the 
Worlds speed boat record with his jet 
propelled boat ‘‘The Bluebird.” 


show- 
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NEW JERSEY SECTION ELECTS NEW OFFICERS 


The new officers elected by the New Jersey Section for the 1957-58 fiscal year 


are shown at the May 21st meeting. 


Left to right, are W. G. Benz, vice-chair- 


men; E. Di Liberti, chairman; H. L. Hoffman, treasurer; R. V. Thornton, secretary 


Chairman John Hila introduced the 
newly elected officers for 1957-58 as 
follows: Chairman, EK. Di Liberti; 
Treasurer, H. L. Hoffman;  Vice- 
Chairman, W. G. Benz; Secretary, 
R. V. Thornton; Executive Commit- 
tee—1958: E. Bowden, F. Simms, 


R. P. Hubbard, and W. R. Apblett. 


ANNUAL DINNER DANCE 
Olean, N. Y.—-The June meeting of 


the Olean and Bradford Section was 
held on June 20th at the Castle Res- 
tauurant, Olean, N. Y. This was the 
annual dinner and dance for the mem- 
bers and their ladies. A wonderful 
evening was enjoyed by forty mem- 
bers and ladies. 

Election of officers for the fiseal 
vear was held as follows: Chairman, 
Ralph Barnes, Clark Bros., Olean, 
N. Y.; Vice-Chairman, Jack Keyte, 
Dresser Mfg., Bradford, Pa.; Secre- 
tary, William Daley, Clark Bros., 
Olean, N. Y.; Treasurer, Sid L. 
Worth, Cattaragus Co., Little Valley, 
N. Y.:  Direetors, Felix Schneble, 


Andrew Casper, Harold Collins and 
Michael Robinson. 


ANNUAL DINNER DANCE 


Philadelphia, Pa.—The annual din- 
ner dance of the Philadelphia Section 
was held on Saturday, May 25th at 
the Germantown Cricket Club, with 
250 members and guests present. 

Highlights included the traditional 
presentation of a gavel and pin to the 
retiring chairman, A. M. Garcia, by 
Byron Gates, chairman. A new cere- 
mony was inaugurated in which a 
gavel was presented to Mr. Gates by 
Mr. Garcia. 

Kach lady received an attractive 
pearl choker, and drawings were held 
for the distribution of the many door 
prizes. 


ORGANIZATION MEETING 


Providence, R. I.—On June 5, 1957 
a charter was issued for the organiza- 
tion of a Section to be known as the 
“Providence” Section. On this date 


PHILADELPHIA SECTION HOLDS ANNUAL DINNER-DANCE 


Among those seated at the head table during the annual dinner of the Philadelphia 
Section were, left to right: Dinner Chairman R. W. Thomas, Mrs. Thomas, Incoming 
Chairman B. D. Gates, Mrs. Gates, Outgoing Chairman A. M. Garcia and Mrs. 
Garcia 
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Chairman Di Liberti presents past chair- 
man’s pin to outgoing chairman John 
Hila 


a dinner meeting was held at John- 
son’s Hummocks, with 62 new charter 
members attending the dinner and 71 
the subsequent meeting. 

The roster at this meeting shows a 
total of 101 members, of which 17 are 
transfers from the Boston Section and 
the remaining 84: new members. 

After the dinner, a discussion was 
held by Sidney Low, director of Dis- 
trict 1, on the organization and func- 
tions of the Soctery. 

Helmut Thielsch, of Grinnell Co., 
then discussed the ‘‘where, when and 
what” type of meetings to be held 
monthly. Questionnaires were dis- 
tributed to each member for choosing 
subjects in order of priority of inter- 
est. An Educational Lecture Series 
for the fall was also discussed. 


PLASTICS 


Seattle, Wash.—The March meet- 
ing of the Puget Sound Section was 
held on March 14th at the Engineers 
Club in Seattle. The subject of the 
meeting was “Fabrication of Rigid 
Polyvinyl Chloride Plastics.’’ This 
meeting was a departure from the 
normal welding subjects usually dis- 
cussed at Section meetings. The 
Program Committee believed that 
there had been sufficient comment in 
the area on the use of PVC piping and 
fabrication to warrant a speaker on 
the subject. 

James Sheehy, the West Coast 
manager for the Tube Turns Plastics 
Company, gave an informative his- 
tory and present product use of PVC 
pipe and sheet in the industrial con- 
struction industry. 

W. H. Rice 9, consultant for the 
Electric Steel Foundry Co. was the 
second speaker. Mr. Rice has spent 
considerable time in the field applica- 
tion of PVC. 
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An opportunity to join plastics with 
heat and chemical was given all those 
present. 


LADIES NIGHT 


San Antonio, Tex. 
for the San 
on the regular meeting night. May 
28th, at the Lone Star 
Jerry of the 
members and 300 guests who enjoyed 


“Ladies Night” 


Antonio Section was held 


srewery Don 
Brewery welcomed 65 
a delicious Mexican dinner served 
the Patio Food Co. 

A very interesting film, 
“An African Safari,’ 
narrated by Louis Strumberg of Patio 
Foods. This was an actual hunting 
expedition into a West 
Portugese Africa never before entered 
by white men where 
record kills were made, 
largest elephant. 

The highlight of the evening was 
the presentation of a trophy to Ed- 
mund Guemes, a student “At the San 
Antonio Vocational and Technical 
School, who was selected as the most 
welding student of South- 
west Texas. 

An evening of dancing was enjoyed 
after the regular program. 


entitled, 
was shown and 


section of 


several world 
including the 


versatile 


EDUCATIONAL LECTURES 
San Jose, Calif. 


ing night of the 
Section for April was waived in favo1 
of a series of three educational lec- 
tures on the subject of Metallurgy. 
The meetings were held in the San 
Jose State College Engineering Audi- 
torium on the evenings of April 23, 24 
and 25. 

Dr. Robert A. 
sistant Professor of 
Stanford University, 
and his subjects were as_ follows 
“Principles of Welding Metallurgy,” 
“Special Metallurgical Problems in 
Welding,” and “Welding Metallurgy 
of Special Materials.”’ 

The lectures were well attended and 
it is the intention of the Section to 
carry on these 
every year. 


The regular meet- 
Santa Clara Valley 


Huggins As- 
Metallurgy at 


was the speaker 


educational lectures 


NONDESTRUCTIVE 
TESTING 


San Jose, Calif.—One hundred and 
ten members and guests of the Santa 
Valley Section attended the 
monthly meeting held on May 2\st at 
the Red Barn 

The speaker was C. EK. Betz 
vice-chairman of the board of direc- 
tors of the Magnaflux Corp., Chicago, 
Ill. His subject was ‘Nondestrue- 
tive Testing in the Inspection of 
Welds.” Mr. Betz presented a gen- 
eral survey 


Clara 


and discussion of various 


AvuGusT 1957 


nondestructive test methods in use in 
the inspection of welds. 
latest 


developments in the use of 
ignetic particle and of penetration 


inspection in the field of welding were 
described in detail with slides showing 
some recent installations This meet- 


ing was a huge success 


TOLEDO MEETINGS 
Toledo, Ohio— 


announced the formu 


Toledo Section 
lation of its pro- 
yram sehedule for the 1957-5S meet- 


ing year as follows 


Aluminum and 
Magnesium 
Welding 


Sept mber 17 


October 15 Plant toul 
through new 
SOHIO Re- 
hnery 

November 19 Resistance Weld- 
ing 


December 17 Stump the Ex- 
Program 
Hard Facing 
February 18 Low Chrome Al 
loy Welding 
March 18 Alloy Cutting 
Clini 
Welding for Code 
Work 
May Annual 
Dance 


January 21 


April 15 


Dinner- 


It is quite obvious that these sub- 
jects will cover the main interests ot 
the industries of Toledo and the sur- 
ill aid in keeping 
area personnel abreast with this rap- 


rounding area, and w 


idly expanding welding industry. The 
speakers for these meetings will be 
men who are well known and _ re- 
spected for the 
in their particular field towards bet- 
tel welding techniques and quality 


Only by getting this information first- 


work they have done 


hand and accurately can industry 
hope to produce the equipment and 
pipe lines that are so critical in our 
planned atomic reactors. 

The Toledo Section meets at the 
Maumee River Yacht Club with din- 
ner at 6:30 P.M. sharp and meetings 
at 8:00 P.M. The 
an invitation to everyone interested i 
these subjects to attend thes 


Ings. 


Section extends 


meet- 


WELDING IN MIAMI 
Miami, Fla. 


ing among building officials of the 
City of Miami, Dad 
resentatives from industry and Paul 
R. Greenfogel chairman of the 
South Florida Section, in February 


1957, established the groundwork for a 


\ preliminary meet- 


County, rep- 


welding in- 
and operators The AMERI- 
CAN WELDING Society was asked to 


qualification system for 


spectors 


Section News and Events 


Some of the 


which the 
determin 


prepare examinations by 


building committee would 


whether a 


tive 
operator could qualify for a welding 
license in the Miam area Th 
license itself consists of a card which 
lists to what extent the 


Inspector oO} 


individual is 
qualified and also bearing his thumb 
print and photograph 
By the issuance of a qualification 
eard, the individual once qualified by 
in approved testing organization, Is 
automatically accepted for any job in 
the area re quiring qualiied welding. 
According to Mr. Greenfogel, the 
program is looked upon with approval 
by engineers and architects, who can 
now specify welding and realize that 
qualified personnel is available to do 
the wor 


satisfactorily 
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Whats New 
on Welding 
Space Ships ? 


The Welding Journal provides 


the mosl compl ele library of 
information on the art and 
science Of We lding available 
anywhere. If you have a 

product for the welding or allved 


industries, the Journal's pages 


will reach your market 
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Total National Membership 
Effective June 1, 1957 Sustaining Members. 168 
MEMBERSHIP CLASSIFICATION Associate Members.......+.-+000055 6,419 
Student Members. 165 
Honorary 10 
A—Sustaining Member B—Member C—Associate Member 14 
D—Student Member E—Honorary Member F—Life Member 12,834 
Join AWS—Advance Through Welding 


ALBUQUERQUE 
Brundige, Edward L. (B) 
Null, Lawrence E. (C) 
ARIZONA 

Blake, Grant M. (C) 
BATON ROUGE 


Ballard, W. W. (B) 

Horn, Robert L. (B) 
MeClelland, George D. (B 
Mills, W. W.(B 

Solberg, C. M. (C) 


Dumbauld, Mark E. (D) 
Evans, Robert M. (C) 
Lott, Jack FE. (C) 

Miller, Richard W. (C) 
Niemann, John T. (C) 
Payne, Davis M. (C) 
Schnabel, Robert L. (D) 
DAYTON 


Appenzeller, R. C. (C) 
Jones, Harry C. (C) 
DETROIT 


Godlew, Ralph E. (B) 
Lutz, Leroy Guy (B) 


Goodliffe, Robert K. (C) 
Kembel, Russell J. (C) 
Peters, Donald (C) 
Yuill, Robert W. (B) 


LONG BEACH 


Fellion, Glenn R. (C) 
Foster, George W. (B) 
Hahn, George R. (B) 
Peyton, Bert C. (B) 
Stevens, M. O. (B) 
VanCleave, H. D. (B) 


LONG ISLAND 


Bussiere, Robert. R. (D 
NEW JERSEY 
Bekker, Gerrit A. (C) 
Plank, Emil A. (B) 
See, Donald J. (C) 


NEW ORLEANS 
Murphy, Frank FP. (B) 
NEW YORK 


Greenfield, Frank L. (B 
Hickey, James A. (C) 
Keeney, John H. (C) 


iateanabeamaacnaae Michaluk, Mitchell William, Jr. Biedermann, John A. (C) Lynch, James (B) _ 

Herrington, A. O. (C) (B) Schneider, Joseph (B) Ed. H. 
a - Woodhead, Stephen L. (B) Melnyk, Roman A. (B) 

BOSTON Miller, Robert H. (B) Purdy, Clyde R. (A) 


Simpson, Robert (B) 
Sorrentino, Peter A. (B) 
Stevenson, C. Allan (B) 
Sullivan, Joseph P. (C) 
Wright, Norman W. (C) 


Ohman, Carl R. (B) 
Strand, Murray A. (B) 
Tann, Eugene (B) 
Young, W. H. (B) 
EAST TEXAS 


Kielhorn, William H. (D) 


LOS ANGELES 


Boulton, Franklin F. (B) 
Chappell, Norman B. (B) 
Hawkins, George W. (B) 
Janus, Thomas J. (B) 
Kalon, George (C) 


Searnati, William J. (B) 
Sebba, Max (C) 

Story, Thomas H. (C) 
Veenstra, S. J. (A) 


NIAGARA FRONTIER 


—— _ Maughlin, Richard K. (D) Kettering, Theodore A. (B) Newbold, Fred A. (B) 
Hennessy, Charles Edwin (B) FOX VALLEY rn (B) Thornton, J. E. (C) 
CARGLIBA Peronto, Clarence F. (C) Reed, Charles MeF. (B) NORTH CENTRAL 
Sterling, Kirk H. (C) Pfiston, Charles J. (C) Reifschneider, Jack (C) French, Burton C. (B) 
CHICAGO Wagner, Ellde I. (C) Riley, Jack L. (B) Gorrell, John H. (C) 


Boerke, R. A. (A) 


Wallace, W. L. (A) 


Vobeyda, Lumir Franklin (B) 


NORTHEAST TENNESSEE 


Bregar, George W. (B) HARTFORD LOUISVILLE Cameron, Leland J. (B) 
Chopp, Augustine C. (C) Hutchinson, Henry G. (B) Graves, James (C) Snodgrass, Clarence M. (B) 
Hynes, Raymond A. (C) HOUSTON Martin, James D. (C) NORTHERN NEW YORK 


Jensen, Milton B. (B) 
Kadish, Victor (B) 

Miller, Vern K. (C) 
Oeclschlager, Donald D. (B) 
Toren, Ray (C) 

Wilson, Herbert C. (B) 


CLEVELAND 

Gaskill, David M. (C) 
Riegelmayer, Anthony L. (C) 
Tucker, Vernon A. (B) 
COLORADO 


Dunn, Harvey M. (B) 
Mastrota, Frank A. (B) 
Parker, Dwayne E. (C) 
Payne, William M. (B) 
COLUMBUS 


Barb, Raymond Paul (D) 
Creighton, Roger Ness (D) 
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Dubose, Donald H. (C) 
Snyder, Harve R. (C) 
INDIANA 


Alexander, Scott N. (B) 
White, Harold T. (A) 


Brucker, James R. (C) 
Ratcliff, Carl (B) 


IOWA-ILLINOIS 


Dunn, Freeman W. (B) 
Fredrickson, Willard (B) 


KANSAS CITY 
Peniston, John M. (B) 
LEHIGH VALLEY 
Dorius, Noah E. (C) 


MADISON 

Bailey, Curtis D. (C) 
Smith, Kenneth G. (C) 
MAHONING VALLEY 


Franklin, Norbert W. (D) 
Olenik, Edward A. (B) 
Olenik, Leonard E. (C) 


MARYLAND 


Barranger, John J. (B) 
Kreppel, Frederick J. (C) 


MILWAUKEE 
Spagnuolo, 8. A. (B) 
MOHAWK VALLEY 
Fischer, Francis (C) 


NEW HAMPSHIRE 


Gimblette, Francis M. (C) 
Hewlett, Edward P. (B) 
Klein, Joseph H. (C) 


NORTHWEST 


Bogard, Richard E. (C) 
Holley, Carl A. (B) 
Mangan, R. J. (B) 
Nichols, H. R. (B) 
Robson, John L. (A) 
Wasson, Donovan (B) 


PEORIA 


Estes, Norman J. (C) 
Gerber, Dale E. (C) 

Jaquet, Floyd E. (C) 
Johns, Harold D. (C) 


PHILADELPHIA 


Arpajian, Kurken G. (B) 
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Blasetti, Larry L. (C) 
Kitzman, Emil (B) 
Nve, George H. (C) 


Snyder, John J. (B 
Urban, Joseph R. (C) 
Vickers, John 8. (B 


PITTSBURGH 


Kosar, W. F. (B 

Lindberg, Harry bk. (B 
Strautmanis, Victor (B) 
Sullivan, Daniel T. (C) 


PORTLAND 
Paino, James B. (B 
PROVIDENCE 


Abatecola, Antonio (B 
Brakenwagen, Frank W., Jr 
Brassard, Auguste L. (B) 
Camirand, Gilbert J. (B) 
Christensen, Emil T. (C 
Colaveechio, Donato (C 
D’ Abate, John (B 

Davis, Raymond B. (B 
Doherty, Ronald K. (C 
Dubuc, Rene A, (C 
Duclos, George 
Dudovicz, Wesley V. (C 
Duggan, Earl (C 
Emerick, John H. (C 
Gorton, Wilfred G. (C 
Hagen, Chester (C 

Hart, Raymond I. (C 
Klaren, Thornton P. (C 
LePorte, Arthur H. (C 
Loring, Joshua (C 
Moffett, Allen W 
Ostrander, George Cc 
tead, Owen (B 
Sargeant, William H. (C 
Sharples, Brydson (C 
Shaw, Craig, 8. C. (C 
Sheehan, M. Joseph (C 
Smith, W. Alan (C) 

St. Jacques, Clement G. (B 
Torrey, Lorial O. (C) 
Tripp, Frederick (C 
Walz, Walter (¢ 
Wilmarth, Carl B. (C) 


PUGET SOUND 
Holwill, Claude N. (¢ 
RICHMOND 

Dyson, Warren F. (C) 
Parrish, 8. L. (C 
ROCHESTER 


Jimmo, John E. (B) 
Labuzeta, James (C) 
Allan (B) 


Simpson, 
SAGINAW VALLEY 
Lintz, Channing H. (C) 
ST. LOUIS 

Hanna, Lester J. (C) 
SALT LAKE CITY 
Larsen, John B. (B) 
Long, Edward (B) 
Reinert, Carl E. (B) 
Worthen, Gerald W. (¢ 
SAN ANTONIO 
Furlong, Leon (B) 
SAN FRANCISCO 


Hunt, Francis H. (C) 
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SANGAMON VALLEY 


Members Reclassified 


Schultz, Edward George 


Verdon, Charles E. (C 
4 During the month of June 
— TULSA 
SANTA CLARA VALLEY Dritch, Sam R. (B) CINCINNATI 

we Charles R te Maddox, W \ $to A) 

ngstrom, reorge 
Freeland, H. C. (B Jones, Thomas P. (B Abel. C. Burnell (B to A 
SOUTH FLORIDA WESTERN MICHIGAN HOUSTON 


Claus, Roy B Denning, M (C Cashman, Mic huel Jr (C to 
Hamburger, Charles Milton (B) Kemp, Robert Ek. (B B 
Wohlers, Edward F., Jr. (B Raynes, W. L. (C 

Taylor, Roy M. (C KANSAS CITY 


SUSQUEHANNA VALLEY 


Welling, Eugene A. (B 


Repsher, Bovd (D Hovt, Robert # CtoB 

Ruprecht, William J. (( LOS ANGELES 

SYRACUSE Jougan, George L. 

Walts, Kenneth C. (C MEMBERS NOT IN Smith, Charles Brent (C to B) 
alts, Kenneth C. SECTIONS (C 

TOLEDO Bankert, William Frederick (B 

Leggett, Gray (C Benitez, Roberto ¢ B 

Lohr, Wilbert | C De La Torre, Manuel 0. (B 

Mohn, Russell W. (C Palomar, Pablo J. (B Einfurer, Donald C. (C to B 


Today there is need of Turning 
Rolls that will give everlasting 
continuous service to meet the 
needs of high production and 
precision welding techniques — 
ARONSON fills that need. 


Overload Disc Tie Rod 


@ The OVERLOAD DISCS of 


_\y=— Overload Disc steel provide maximum trac- 


Steel Rim 


4 sa tion and prevent ever crush- 
| ing or wearing out tires. 
Al @ The ANTI-FRICTION BEAR- 


INGS can carry four times 
the rated load. 

@ TIE-ROD AXLE design forms 
an effective axle as large 
in diameter as the O. D. of 
the steel tire rim. 

@ PRECISION STEEL WAYS 
guarantee perfect alignment 
of all wheels to hoid work 
exactly true. 


, New Engineering Brochure now available on request. 


MACHINE COMPANY 


ARCADE, NEW YORK 


nother Quality 
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Idi ng Literature 


For copies of articles, write directly to publications in which they appear 


lireraft’ Manufacture. Brazed Stainless Sandwich 
Spotwelded, J. C. Herr, R. C. Smith and G. L. Peterman. 
Im. Mach., vol. 101, no. 1 (Jan. 14, 1957), pp. 127-129. 


lireraft. Resistance Welding Applied to Airframe Con- 
struction, N. K. Gardner Vachy. (Lond.), vol. 90, no. 2306 
Jan. 25, 1957), pp. 210-214. 

fluminum Alloys. How to Get More for Your Metal- 
working Dollar—Aluminum. Jron Age, vol. 179, no. 5 
(Jun. 31, 1957), pp. 57-72. 

fluminum Brazing. Dip Brazing with Paste Filler, 
DD. KE. Wernz and M. M. Schwartz. Matls. & Methods, 
Vol. 45, no. 2 (February 1957), pp. 118-120. 

fluminum Soldering. ‘Vo Get Best Results From 
Your Ultrasonic Soldering [ron, R. Reynolds. Can. Machy. 
vol. 68, no, 2 (Feb. 1957), p. 176. 


tre Welding. Development of Science and Technique of 
\re Welding in U.S.S.R., N. N. Rykalin. Sheet Metal In- 
dustries, vol. 34, no. 357 (January 1957), pp. 35-38; (dis- 
cussion) 38-40. 


Beams and Girders. Flame-Cambering of Beams for 
sridges, A. H. Yoceh. Welding Engr., vol. 42, no. 2 (Febru- 
ary 1957), p. 74. 

Brazing. Faster Brazing— Lower Cost, H. Prince. Can. 
Vachy., vol. 68, no. 2 (February 1957), pp. 171-174, 178. 


Brazing. Uard-to-Braze Alloys Behave in Vacuum 
Setup, W. G. Patton. Jron Age, vol. 179, no. 4 (Jan. 24, 
1957), pp. SO-S2 

Brazing. Service Life of Metal Belts in Copper Brazing 
Furnaces, F. L. Hooper. etal Progress, vol. 71, no. 2 
(February 1957), pp. 83-85. 

Brazing. Three Ways to Cut Brazing Costs, R. Raidy, 
Steel, vol. 140, no. 3 (Jan. 21, 1957), pp. 73-74. 


Car Building. More and More Welding in Building 
Railway Cars, R. E. Crawford. Can. Machy., vol. 68, no. 1, 


(January 1957), pp. 129-132. 


Cranes. Power Crane Booms Improved Through Weld- 
ing, F. T. Taneula. Welding Engr., vol. 42, no. 1 (Jan- 
uary 1957), pp. 30-31. 

Electric Motors. Redesign for Projection Welding 
Yields First Space Saving Rectangular Motor, J. T. Clark. 
Industry & Welding, vol. 30, no. 1 (January 1957), pp. 5S 
60, 62-63. 

Embrittlement. Hydrogen Embrittlement of Steel and 
Its Relation to Weld Metal Cracking, H. G. Vaughan and 
M. Kk. de Morton. Brit. Welding Jnl., vol. 4, no. 1 (January 
1957), pp. 40-61. 

Light Metals. Forge Welding Joins Heat Treated 
\luminum Alloys. /ron Age, vol. 179, no. 9 (February 28, 
1957). pp. SO S7. 

Vagnesium Alloys. Magnesium Forming, R. G. Wilkin- 
son. Metal Industry, vol. 90, no. 5 (Feb. 1, 1957), pp. 83-86. 


Oxygen Cutting. Automatic Flame Cutting Closes 
Design-Production Gap, R. N. Williams. Industry & Weld- 
ing, vol. 30, no. | (January 1957), pp. 68-71. 


Pipe Lines. Maintenance Welding on High-Test Line 


S26 


Pipe, A. M. Hill and F. W. Zilm. Gas, vol. 33, no. 2 
(February 1957), pp. 106-111. 


Plastic Molds. Brazing Fundamentals, P. D. Pilibosian. 


Soc. Plastics Engrs—Jnl., vol. 138, no. 1 (January 1957 


pp. D5 26, 34. 

Power Supply. Constant Potential Power Source for 
Self-Adjusting Are Welding of Aluminum and Its Alloys, 
J. G. Young. Welding & Metal Fabrication, vol. 25, no. | 
(January 1957), pp. 6-8. 


Pumps. Nickel-Alloy Pump Is Tig-Welded for AEC, 
Ik. Nutter. Welding Engr., vol. 42, no. 2 (February 1957), 
pp. 61-62, 64. 


Resistance Welding. \letallurgist Looks at Flash 
Welding, H. Brown. Steel. vol. 140, no. 4 (Jan. 28, 1957), 
pp. 90-91. 


Roof Supports. Uydraulic Pit Props. Welding «& 
Vetal Fabrication, vol. 25, no. 1 (January 1957), pp. 2-5. 


Shipbuilding. Arrest of Brittle Cracks in Ship Plate 
J. Hunter. Australasian Engr. (Feb. 7, 1957), pp. 52-58. 

Shipbuilding. Automatic Welding Speeds Fabrication 
of Lake Vessel Sub-Assemblies. Jndustry & Welding, vol 
30, no. | (January 1957), pp. 52-54, 64. 

Soldering. Solder Aluminum to Other Metals, K. V. 
Lutz. Industry & Welding, vol. 30, no. 1 (January 1957 
pp. 74-76, 78-79. 

Spotweld Control. TV Camera Aids Spotweld Con- 
trol on Airframe Skin, D. Post. Western Metals, vol. 15 
no. | (January 1957), p. 72; see also Welding Engr., vol. 42 
no. | (January 1957), pp. 24-25. 


Stainless Steel. Nickel-Free Austenitic Stainless Stee 
Matls. & Methods, vol. 45, no. 1 (January 1957), pp. 104-105 


Steel. Arc Welding Defined—Learning to Work witl 
Weldability, B. M. Ronay. Welding Engr., vol. 42, no 
(January 1957), pp. 26-28. 


Steel Structures. Welding and Structural Steel Indus- 
try. Commonwealth Engr., vol. 44, no. 7 (February 1957 
pp. 211-212. 


Stress Relief. Induction Heating for Stress-Relieving 
Large Steel Cylinders, G. W. Seulen. Metal Progress, vol. 
71, no. 1 (January 1957), pp. 126-130. 


Tanks. Failure of Pachuca Tanks of Welded Construc- 
tion, J. Wallace. S. African Mech. Engr., vol. 6, no. 6 (Jan- 
uary 1957), p. 216. 

Testing. Magnetographic Method Speeds Butt Weld 
Inspection, J. Joseph. Gas, vol. 33, no. 2 (February 1957 
pp. 103-105. 

Thorium. Non-Nuclear Uses of Thorium, W. C. Lillien- 
dahl. Metal Progress, vol. 71, no. 2 (February 1957), pp. 
104-107. 


Tubes. Tubular Fabrication, A. Scott. Welding & 


Vetal Fabrication, vol. 25, no. 1 (January 1957), pp. 30-32. 


Welding Processes. Suitability of Fusion-Welding Proc- 
esses for Vitreous-Enamelling, B. Trehearne. etal Finish- 
ing J., vol. 3, no. 26 (February 1957), pp. 79-82. 
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prepared by Vern L. Oldham 


Printed copies of patents may be obtained for 25¢ from the Commissioner of Patents, Washington, D. C. 


2,780,717--Mrtuop WELDING 

Howard Jernhardt, Milwaukee, and 

Kenneth W Davey, Wauwatosa, Wis., 

assignors to A. O. Smith Corp., Mil- 

waukee, Wis., a corporation of New 

York. 

\ method of fabricating a welded article 
from two metal parts having comple- 
mentary edges to be welded is disclosed by 
this patent First the parts to be welded 
are positioned in metal castings formed 
therearound to leave the edges of the 
metal parts to be welded protruding from 
the remainder of the castings The cast- 
ings are then so positioned as to bring the 
exposed edges of the metal parts to be 
welded into engagement with each other 
and a weld action is effected thereon 
Thereafter the material cast around the 
metal parts initially is heated to melt it 
from the welded article 


2,780,718-—-Sror Tip-—-Henry A 
Mullen, Wauwatosa, assignor to Ampco 
Metal, Ine., Milwaukee, Wis., a cor- 
poration of Wisconsin 
Mullen’s patented tip comprises a shank 

having a center bore with an enlarged 
outer end, and a replaceable head is re- 
ceived in water sealing and guiding wedg- 
ing engagement within the outer end of the 
bore of the shank. Other means are pro- 
vided to aid in maintaining the slignment 
of the head and shank under welding pres- 
sures exerted thereon 


2,780,719—-ELectropE HoLpERS FOR 

T. Balling- 

ton, Sheffield, England, assignor to 

English Steel Corp. Ltd., Sheffield, 

England. 

This electrode holder includes an 
elongated metal carrier and a heat-insu- 
lated hand grip. A conducting gripper is 
provided on the carrier at one end thereof, 
and the carrier has fins provided thereon 
for the dissipation of heat tending to flow 
by conduction through the carrier between 
the ends thereof 


2,.781,026-—CoNnTROL APPARATUS FOR 
FuasH Macuines-—-Hans 
Alfred Schlatter and Emil Wegmann, 
Zollikon-Zurich, Switzerland, 
to Firma H. A. Schlatter A.G., Zollikon- 
Zurich, Switzerland. 


assignors 


Special control cylinders and pistons are 
disclosed in and covered by this patent 
which relates in general to a flash welding 
machine. The patent covers the details of 
the piston and cylinder connections and 
control action performed thereby. 
2,781,441—TRAVELING APPARATUS FOR 

Wetpinc Horizontat Jomwts 

TWEEN VERTICALLY DisposeD PLATES 

William I. Ballentine, Jr., Whittier, and 


AuGust 1957 


Harry C. Brest, Pomona, Calif., as- 

signors to United States Steel Corp., a 

corporation of New Jersey 

This apparatus 1s idapted to hold flux 
in contact with a longitudinal seam formed 
between vertically disposed plate edges 
\ carriage is provided and is slidable in a 
frame in the apparatus for movement 
toward and from the plate edges being 
welded \ shelf means is mounted on a 
portion ot the apparatus ind adapted to 
engage the side of one of the pl ites being 
welded so as to aid in positioning flux in 
a desired manner for association with a 
horizontal weld seam be ing produced 
2,782,293 —DeEvIcE FOR PREVENTING 

TusBe In TuBE Mitts—Veryl 

H Sanner, Toledo, ¢ hio, assignor to the 

Etna Machine Co., Toledo, Ohio, a 

corporation of Ohio 

This patent relates to a tube mill for 
progressively forming a thin-walled metal 
ribbon into tubular form and resistance 
welding the edges thereof together as the 
form is advanced past a pair of electrodes 
Pressure rolls s jyueeze together the edges 
of the tube form at the point ol weld The 
novel feature of the patent is that it pro- 
vides a plug supported within the tube and 
restrained against axial movement in the 
region underlying adjacent portions of the 
electrodes and the 
plug has surfaces to guide and support the 


pressure rolls The 


adj portions of the tube as the 
same pass to the pressure rolls where they 
are brought into engagement 

2.7 Lysle \ 


assignor to 


82,488 —Srrip SPLICER 
Anderson, Warren, Ohio 
| W sliss Co., Canton, Ohio, a cor- 
poration ol Delaware 
This patent is on a specialized apparatus 
for splicing metal strip ends together. The 
apparatus in ludes means for shearing the 
ends of the strips and for welding them in 
desired rel tionship 
2,782,491— Mrtuop oF MAKING AN ELEc- 
rRICAI ConNECTION—Ward Cole. 
Anderson, Ind., assignor to General 
Motors Corp., Detroit, Mich., a cor- 
poration of Delaware 
In this patent, Cole has developed a 
method of making a specialized electrical 
connection wherein a terminal is provided 
with a groove with sharp edges on a por- 
tion thereof \ bare portion of the con- 
ductor is placed in the groove and sharp 
» portions of the terminal are caused to 
melt and flow under pressure and heat to 
fuse with the bared portion of the con- 
ductor 


2,782,495 —JoInING or Metats—George 
W. Beck, Dayton, Ohio, and Howard 


I Rentz, Detroit Mich., said Beck 
iSSIZNO!I to \lotors Corp., 
Detroit, Mich., a corporation of Dela- 
ware and said Rentz assignor to Briggs 
Manufacturing Co., Detroit, Mich., a 


corporation of Michigan. 


General 


The present patent relates to a method 
f joining two sheet metal parts having 
inturned flan joining sur- 


faces \ joining strip of substantially 


ges along the 


T-sh ! ross section Is provided and is 


placed with the portion of the joining 
the flanges on the 


strip extendin 


ids are positioned between portions 
adjacent metal 
parts. Next the flanges of the metal parts 
ind the leg of the j ng strip are welded 
together an he beads : deformed under 
Thereafter 
the rubbe il is cured to cause 


the beads t nd 1e adjacent metal 


sheet metal parts neured, tacky rubber- 


joining strip 


the pressu verted thereon 


herproof seal be- 
tal suriaces, 
MakInG CLAD 
Washing- 
omposite Steels, 


i orporation ol 


a continu- 

of carbon 

strip. The 

strip is plat a pres- 
continuous 
ind welded at 
“a composite strip 


strips brought togethe: 
their form 


Then tl 


pressure weld 


mposite strip 1s heated to a 
emperature and the 
composite strip is rolled under sufficient 
pressure to weld the component strips to- 
gether throughout their widths 
2,782,498—Metuop MakinGc Com- 
POSITE Srock—Peter Mushovie and 
Harold W. Schultz, Dayton, Ohio, 
issignors i Motors Corp., 

Detroit ch., a corporation ol Dela- 

wire 

\ method of bonding aluminum to steel 
is disclosed by this patent. In this in- 
stance, cleaned and roughened bonding 
surfaces are provided on the aluminum 
and steel and they are rolled under pres- 
sures such as to deform the aluminum by 
65 to 80°, of its original thickness while 
subjecting them to uniform temperatures 
between SOO and 1010° F so that a strong 
and ductile bond is formed between the 
adjacent surfaces of the aluminum and 


steel layers 


PROCESS FOR ARC WELDING OF 
CIRCULAR SEAMS ON PIPES IN Sus- 
STANTIALLY HortIzONTAL POSITION 

Hans Gunther, Mosbach (Baden), Ger- 


2,783,359 
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4 er 
surfaces to form a Ww 
tween such associated 1 
2,782,497-—-METHOD 0 
‘ 
STEEL—John M. ¢ 
ton, Pa issignor to ( 
Inc., Washington, Ps, 
Pennsylvania 
4 
Campbell's | 
tl 
ous method ¢ 
steel strip ar a 
stainless stec 
sure lal 
Me 


many, assignor to Kraftanlagen A. G., 

Heidelberg, Germany 

In this patent, the rims of two station- 
ary pipe sections are positioned to form a 
substantially annular gap extending in a 
vertical plane. The method includes the 
step of elastically deforming the rims to 
form a gap which is wider at the sides than 
at the bottom and top, and causing a weld- 
ing are to progress along the unequal width 
gap while the pipe sections remain sta- 
tionary 


Torcu— Max R. Os- 

born, New York, N. ¥ 

This new welding torch has a special 
member therein for circulating cooling 
medium through the welding torch, while 
it also has a collet in a conducting member 
portion of the torch for engaging the elee- 
trode. Other means actuate the collet to 
clamp or release an eleetrode positioned 
therein 


2,783,361 WELDING Process AND AppPa- 
ratus-—Robert E. Semple, Temple City, 
Calif., assignor to Beckman Instru- 
ments, Ime Fullerton, Calif., a cor- 
poration of California 
The present patent relates to a method 

of welding two small metal filaments. In 

the new method, one filament is moved 
towards the other until they are in contact 

and then the filaments are separated a 

slight distance to form a gap between the 

previously engaged portions of the fila- 

ments Next a capacitor charged at a 

potential greater than the breakdown 

potential of the gap is discharged through 
the gap to establish a spark of sufficient 
intensity to weld the filaments together. 


EvLecrrope Are 
Hassler, 
Cleveland, Ohio, assignor to General 
Motors Corp., Detroit, Mich., a cor- 
poration of Delaware 
This new electrode is a dual welding 
electrode assembly It is made from a 
pair of separate, distinct welding elec- 
trodes, each having a separate insulating 
flux coating over a central core. One end 
of each electrode has the coating skinaed 
from the core thereof and electrode spread- 
ing means are positioned at the skinned 
ends of the electrodes to hold them at a 
slight angle to each other The electrodes 
converge and are held in tension against 
each other with their insulating coating 
touching and in line contact over a major 
portion of their length 


Arc WELDING 

Srup--Frank K. Kelemen, Haddon- 

field, N. J., assignor to KSM Products, 

Inc., Merchantville, N. J., a corpora- 

tion of New Jersey. 

This new welding stud has a recess in 
the weld end thereof and a solid mass of 
ductile fluxing metal is received in such 
recess and extends therefrom. The pro- 
truding portion of the flux mass includes a 
base portion adjacent the weld end surface 
and substantially greater in diameter than 
the diameter of the recess formed in the 
stud end. The protruding portion of the 
flux metal constitutes more than one-half 
of the total of such flux metal 


2,784,285 —Brazine Apparatus—William 
F. Brauer and Theodore W. Kalbow, 
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Chicago, Ill, assignors to Western 
Electric Co., Incorporated, New York, 
N. Y., a corporation of New York. 

This patented brazing apparatus in- 
cludes an annular split induction coil hav- 
ing a bore through the center portion 
thereof and means for resiliently holding a 
sheet in alignment with the bore. Other 
means support a second shell into which 
the first shell is nested and Lavite rods ex- 
tend through the bore of the induction 
coil for limiting movement of the shells 
into the coil. 


2,784,293—-ELecrropeE HoL_per—Albert 

H. Adams, Maple Heights, Ohio. 

In Adams electrode holder, a special 
electrode engaging member is provided. 
Such engaging member connects to the re- 
mainder of the holder in an adjustable 
manner and is adapted to control the flow 
or discharge of gas from the electrode 
holder, dependent upon the position of the 
electrode engaging member 


Torcu— William H. 
Gravert, Port Washington, N. Y. 
Gravert’s new welding torch has means 

for adjustably clamping a welding rod 
therein. Releasable tension spring means, 
positioned coaxial with the welding rod, 
are provided for controlling the clamping 
action on the weld rod. 


 TRANSLAT- 

ING Device Conpuctor WELDER AND 

Curorr Apparatus—Fred Wohlman, 

Inglewood, Calif., assignor to Hughes 

Aircraft Co., Culver City, Calif., a cor- 

poration of Delaware. 

This patent relates to a material welding 
and cutoff apparatus for manufacturing 
subassembly components of semiconductor 
translating devices. The apparatus in- 
cludes means for bringing a ribbon into 
contact with a lead, for welding the ribbon 
to the lead, and for cutting the ribbon at 
desired portions thereof. 


2,784,297—MeEtHop OF AND APPARATUS 
FOR FORMING AND WELDING PINs TO 
One or Botn Stipes or a METAL 
Srrip—Albert F. Pitvo, Cedar Grove, 
In this patent, an elongated metal strip 
is positioned for a longitudinal indexing 
movement, and wires are positioned with 
their ends in contact with opposite faces of 
the metal strip. The wire ends are welded 
to the metal strip and severing devices are 
provided on opposite sides of the strip for 
severing the wires to provide pins secured 
to the metal strip. The severing device is 
moved longitudinally of the metal strip to 
move and index it in a longitudinal direc- 
tion. The cycle can be repeated for secur- 
ing additional pairs of pins to the metal 
strip. 


2,784,299--MetTHop AND APPARATUS FOR 

WeLpInGc Saeer Merar—Karl W. 

Matthes, Scott Township, Allegheny 

County, Pa., assignor to Precision 

Welder & Machine Co., Cincinnati, 

Ohio, a corporation of Ohio. 

Matthes’ machine is for welding sheets 
of metal at adjacent edges and wherein the 
edges have been flanged and are positioned 
with the flanges abutted against each 
other. A pair of squeeze rolls are pro- 
vided to engage the flanges and squeeze 
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them together, and a roller electrode is 
disposed to engage the metal sheets at a 
portion thereof over the squeeze rolls and 
at points adjacent the outside corners of 
the flanges. Other means move an elec- 
trode into and out of engagement with the 
sheets for welding action thereon 


2,784,300—MetTHop OF FABRICATING AN 
MLEcTRICAL CONNECTION Paul Zuk, 
Allentown, Pa., assignor to Bell Tele- 
phone Laboratories, New York, N. \ 
a corporation of New York 
Zuk’s patent is on a method of connect- 
ing a lead to a germanium body that com- 
prises forming a platinum wire into a V- 
shape and mounting the wire apex in con- 
tact with a center portion of a button made 
from germanium containing a large pro- 
portion of lead. Current is passed through 
the button adjacent the apex of the plati- 
num wire to melt a limited portion of the 
button and the apex of the wire is pushed 
into the melted portion of the button 
Thereafter the current flowing through 
the button is reduced while maintaining 
the wire in contact with the button to 
freeze the platinum wire in the melted 
button portion. 


2,784,301—Metruop or Arc WELDING 
George G. Landis and John I. Carroll, 
South Euclid, Ohio, assignors to the 
Lincoln Electric Co., Cleveland, Ohio, 
a corporation of Ohio. 


This patent on electric arc welding is for 
welding the edges of metallie work pieces 
which may, at points along their lengths, 
be in slightly spaced relationship. The 
method uses an electrode consisting of 
parallel, spaced core wires having sur- 
rounding insulating coatings holding the 
wires in spaced relationship. The elec- 
trode is positioned so that one end thereof 
touches the work piece at the desired point 
of beginning of the weld, and the core 
wires are energized from the same electric 
power source. An electric are is initiated 
and allowed to continue to burn back the 
are end of the electrode without inten- 
tionally moving the electrode either trans- 
versely or longitudinally of the desired 
weld seam during the welding operation 


2,784,349— ELecrric Arc WELDING — Nel- 
son KE. Anderson, Berkeley Heights, 
N. J., assignor to Air Reduction Co., 
Inc., New York, N. Y., a corporation of 
New York. 

In this are welding apparatus, a low fre- 
quency source of welding current is con- 
nected to an electrode and a workpiece, 
and an auxiliary high-frequency, high- 
voltage source of current is connected to 
supply an are stabilizing current between 
the electrode and the workpiece. Variable 
impedance means are interposed between 
the low frequency source of welding cur- 
rent and the are gap to present a high im- 
pedance to the high-frequency, high- 
voltage source when the value of welding 
current is low, but it presents a low im- 
pedance to the low frequency source of 
welding current. The ratio of the imped- 
ance to the high-frequency, high-voltage 
source to the impedance to the welding 
current source is greater than the ratio of 
the frequency of the high voltage source to 
the frequency of the welding current 
source, 
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2,784,410 
CONTROL 
Mich 
Gentz’ patented welding helmet includes 

a lens movable to and from an eye shield- 

ing position and controllable by chin 

actuated means by the wearer of the hel- 
met 


Wetping HELMET AND LENS 
Paul Gentz, Harper Woods, 


2,784,487— or BuitpiInc WELD 
LAYERS BY FusING A PLURALITY Oo} 
We tp Rops——Bela Ronay, Glen Burnie, 
Md 
This patent is for fusing areas in a june- 

tion space between adjacent edges of 

aligned heavy metal sections. The method 

‘omprises placing a layer of a plurality of 

elongated fusion metal rods in thespace and 

applying a sub-melt pre-heat to the rods 
and to the met il sections Im & single pass 
from end-to-end thereof 

a melt-heat is applied at a point behind 


Simultaneously 


the pre-heat so that the rods and space 
walls are first brought to a sub-melt heat 
and then fused in close succession. This 
layer is permitted to solidify and then the 
rod placing, pre-heating and melt steps 
are repeated until the desired space is 
filled with a fused weld deposit layer 


2,785,094—Coatep Coprer ALLoY 
WELDING ELecTROpE—Francis Emery 
Garriott, West Allis, Wis., assignor to 
Ampco Metal, Inc., Milwaukee, Wis., a 
corporation of Wisconsin 
The patented are welding electrode 
comprises a core wire made from either 
aluminum-bronze alloys or beryllium-cop- 
per alloys 
thereon made from a mixture of fluorides 
of the group consisting of alkaline earth 
metal fluorides and sodium fluoride and 


The core wire has a covering 


including a substantial proportion of bar- 
ium fluoride. A potassium compound and 
a silicate binder complete the covering 
composition. 


2,.785,279— APPARATUS FOR ELECTRICALLY 
ERopinG Matertats—Everard M. Wil- 
liams, Pittsburgh, Pa., 
mesne assignments, to Firth Sterling 
Inc., Pittsburgh, Pa., 
Pennsylvania 


assignor, by 


a cor poration of 


In this electrically eroding apparatus, a 
condenser is provided and connected to a 
suitable charging circuit and to a dis- 
charge circuit including a workpiece and 
\ low-inductive conductor 
is connected in series in the discharge cir- 
cuit and its inductance in the presence of 
current is such that the peak discharge 


an electrode. 


current is greatly increased and its dura- 
tion is greatly reduced 
2.785,282—ContTroL MECHANISM’ FOR 
WetpinG Apparatus—Ronald F. Bren- 
nen and James A. Bucci, Brooklyn, 
N. Y. assignors to Welding Industry 
Research & Patent Corp., New York, 
N. Y., a corporation of New York. 
This patent on a control mechanism for 
a welding assembly relates to apparatus 
wherein a fixed and a movable electrode 
are provided. A transformer is provided 
and has its secondary connected to the 
electrodes. The invention relates to the 
provision of « control cylinder and piston 
for moving the movable electrode and to 
switch means for closing the welding 
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circuit when the electrodes press on the 
workpiece 


to 


Crircurir—Eric E 
Sumner, New York, N. Y., assignor to 
Bell Telephone Laboratories, Ine., New 
York, N. Y., a corporation of New 
York 
Sumner’s patent relates to a welding 

system including a network of a plurality 

of resistors and a plurality of capacitors in 
which the effective time constant of the 
network is a function of two or more 
products of resistance and capacitance 

These products of resistance and capacl- 

tance are unequal. Means are provided 

for charging the capacitors and a we lding 
load is provided comprising two electrodes 

The welding load also includes concur- 

rently effective discharge paths for the 

capacitors through the resistors and the 


two electrodes 


DiscHaARGE ApPpa- 
RaTUsS--Hubert W Van Ness, East 
Aurora, N. Y., and Edward C. Hartwig, 
Walnut Creek, 
Westinghouse 
Pittsburgh, Pa., 
svilvania 


85,284 


Calif., assignors to 
Electric 


COrpol ition ol Penn- 


Corp., [east 


This patented welding apparatus in- 
cludes means for ipplhy ing lorge pressure 
to work and the forge pressure apply ing 
means include a first timing circuit for 
determining, when it times out, the in- 
stant when the forge pressure is applied 
The apparatus also includes means for 
supplying welding current to the welde: 
for welding the work, and a sequences 
timer for timing the operational steps of 
the welder and including a second timing 
circuit connected to the supply means for 
initiating and maintaining the supply of 
current to the welder Other means are 
provided to impress a signal to initiate the 
timing of the second circuit. The appa- 


ratus is characterized by being connected 
so that connections are provided between 
the signal impressing means and the first 
timing circuit for impressing the signal so 
that it also initiates the timing of the first 


timing circuit 


WeLDING ELEc- 
Bernard, Chicago, 


ComMPpositt 
TRODE Arthur <A 
Ill.. assignor to National Cylinder Gas 


2,785,285 


Co., Chicago, Ill, a corporation of 

Delaware 

The patente d we lding electrode includes 
a circumferentially closed elongated metal 
sheath having an elongated cavity therein 
and a granular process material disposed 
within and filling the cavity. This granu- 
lar process material is partially embedded 
in the sheath and some of the granules 
have specified dimensional limitations 


2,785,337—Arc WetpInc APPARATUS 

Arthur E. Johnson, Milwaukee, Wis., 

assignor to A. O. Smith Corp., Mil- 

waukee, Wis., a corporation of New 

York. 

patented combination 
cludes a first and second are welding elec- 
trode and a first and a second workpiece 
\ transformer is provided that has a core 
and a primary winding movably mounted 
thereon. Means are provided connected 
to the secondary of the transformer for 
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providing i direct current flow to one elec- 
current flow to 
{nother member is 
winding 
and thereby regulate 


both the direct current and alternating 


trode, and an alternating 
the second electrode 

provided to move the primary 
relative to the core 


current outputs of the welding apparatus. 


2.785,450—Metuop or MAKING FUSION 

D SEALED PRESSURE JOINT—OtiS 

Barberton, Ohio, as- 

signor to The Babcock & Wilcox Co., 
J 


orporation ol New 


R Carpenter, 


Curpenter’s patent relates to a method 


of forming a special pressure tight tube and 
tube seat connection between a tube and 
The method 


includes depositing weld metal in a groove 


the wall of a pressure part 


around a hole through the pressure part, 
and positioning the tube in the pressure 
part and extending through the weld 


metal Thereafter the outerperipheral 
surface of the tube end is fusion seal 


welded to the previous weld metal deposit. 


Work Support FOR WELDERS 
Dayton, Ohio, 
issignor to Price Brothers Co., Mont- 


Osweiler, 


gome! County. Ohio. a corporation ol 

Mik higal 

The patented work support is for use in 
welding metal mes! The support in- 
cludes inflatible means for use in tightly 


wires together to form parts that 


pressing 


in be readily welded into a unit 


PPARATUS FOR Spark Ma- 
CHINING Anthony Hillesden 

Pinner, England, assignor to D. Napier 
& Son Ltd., London, England, a British 


comp 


128—A 


Lines, 


This patent relates to a sparking ma- 
chine apparatus in which the tool elec- 


The com- 


trode is of speci il composition 
position comprises a matrix of copper and 
graphite and includes approximately 85% 


copper ind 16°; graphite 


2.786,160—Arc WeELDING APPARATUS 
Harrv J. Bichsel, East Aurora, N. Y., 
assignor to Westinghouse Electric Corp., 
East Pittsburgh, Pa., a corporation of 
Pennsylvania 
This arc welding apparatus includes a 
polyphase transformer having a primary 


phase winding and a corresponding second- 
ary phase winding for each of its phases, 
and a variable transformer is included in 
the apparatus and has a turn ratio capable 
of continuous variation associated with 
each phase of the input power source. 
Each of the variable transformers has an 
adjustable slider and a reversing switch 
means associated therewith. Means are 
provided to mechanically couple the ad- 
justable sliders together and other means 
mechani ally couple the reversing switches 
for control of the variable transformers. 


2.786,204— ADJUSTABLE SUSPENSION FOR 
He_mets—Jack N. Simpson, Reading, 
Pa., assignor, by mesne assignments, to 
tav-O-Vae Co Madison, Wis., a 
corporation of Wisconsin 
This patent relates to a face protecting 

shield which is pivotally mounted upon a 

brow band and other strap means which 

engage the wearer’s head The face pro- 
tecting shield has an adjustable friction 
engagement with its positioning means. 
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G. E. Welding Department to 
Terminate Business Gradually 


Plans for the gradual and orderly term- 
ination of the manufacture of are welding 
equipment and electrodes by the Gen- 
eral Electric Co.’s Welding Department 
in York, Pa., were announced on July 
Ist by Harold E. Strang, vice-president 
and general manager of the Measure- 
ments and Industrial Products Division. 

Mr. Strang emphasized that General 
Kleetrie would continue to provide 
normal renewal parts and in-warranty 
service on all welding equipment now 
in the field or to be produced before 
termination of the business. 

“We recognize the responsibility of 
the Welding Department to its distrib- 
utors and to users of its products,” 
1). A. Hopper, general manager of the 
department said. ‘‘We will fulfill com- 
mitments to users and complete our 
contractual obligations to distributors.”’ 

Mr. Strang said that an organization 
component will be formed immediately 
to plan the department’s gradual dis- 
solution, with the primary objective of 
minimizing inconvenience to employees, 
customers, and vendors. 

No plans for the disposition of the 
Welding Department’s plant and facil- 
ities in York have been made, Mr. 
Strang added. 

The termination does not affect the 
manufacture of resistance welding con- 
trol by GE’s Specialty Control Depart- 
ment in Waynesboro, Va. 


of The Industry 


World Metallurgical Congress 


Chicago will host the 2nd World 
Metallurgical Congress to be held 
November 2-8 in conjunction with the 
39th annual National Metal Exposition 
and Congress. Estimates to date in- 
clude registrations of 575 people from 
36 nations. Among the scheduled tech- 
nical panels at the annual meeting will 
be sessions on the following subjects: 
steelmaking and refining; nonferrous 
refining and fabrication; metal fabrica- 
tion; heat treatment; inspection and 
testing; education and research; and 
metallurgical research. In addition, 
three panel sessions will be held on 
“welding and joining.’ The areas 
covered will be “ship welding,”’ ‘“elec- 
trodes,’ and “‘stress relieving and pre- 
heating.”” An active committee, headed 
by Fred L. Plummer, lists Howard 
Biers, Union Carbide Corp., Leon 
Bibber, U. S. Steel Corp., Harry 
Schwartzbart, Armour Research 
Foundation, and William Spraragen, 
Welding Research Council. 


Landis Nominated by ASME 


A San Francisco engineering execu- 
tive, James N. Landis, has been nom- 
inated to the office of president of The 
American Society of Mechanical En- 
gineers. He will be installed in office, 
after a letter ballot of the membership, 
during the ASME annual meeting to be 


WELDING BOOTH AT UNION-INDUSTRIES SHOW 


The booth at the Union-Industries Joint Show in Kansas City on May 16-21 was 
manned by the apprentice training subcommittee of the Education Activities Com- 
mittee. Ralph Minga M3, explains the advantages of welding pipe to Norman 
Piron, Richard Walsh, John Gorman and George Youngblood 
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held in New York in December, to serve 
for a term of one year. 

Mr. Landis vice-president of 
Bechtel Corp., one of the nation’s 
leading engineering firms, and a past 
chairman of both the San Francisco 
Section of ASME and of its Metropoli- 
tan Section in New York in addition to 
having held many other responsible 
Society offices through the last twenty 
vears. 

Announcement of his selection came 
at the semi-annual banquet of the 
50,000-member Society during its meet- 
ing at the Sheraton-Palace Hotel in 
San Francisco during the week of June 
12th. 


Schier Appointed 
ASME Secretary 


Oscar B. Schier II has been designated 
Secretary-Elect of The American So- 
ciety of Mechanical Engineers by unan- 
imous vote of the Society's Council, it 
was announced recently by Dr. William 
F. Ryan, ASME President. He will 
succeed Clarence E. Davies who will 
retire as Secretary after 23 years of serv- 


COMING 
EVENTS 


A Calendar of Welding Activity 


AWS National Meetings 
1958 Spring Meeting and Welding 
Show: 
April 14-18, Statler Hotel, St. Louis, 
Mo. 
NWSA 
Central Zone Meeting: 
September 12-13, 1957, Sheraton- 
Gibson Hotel, Cincinnati, Ohio. 
Eastern Zone Meeting: 
September 16-17, 1957, Commo- 


dore Hotel, New York, N. Y. 
ASM 
November 4-8, 1957. Thirty-ninth 
National Metal Exposition & Con- 
gress, concurrently with Second 
World Metallurgical Congress, In- 


ternational Amphitheatre, Chicago, 
Ill. 
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ice in this office. The post of Secre- 
tary is the chief administrative office of 
the 50,000-member Society. 

Mr. Schier, 49 years of age, has been a 
member of the Society since 1932, and a 
member of the ASME staff in various 
capacities for the past 11 years. He 
was elected Assistant Secretary in 1953 
and advanced to the post of Deputy 
Secretary last December. He was 
graduated from Lehigh University in 
1929 with the degree of Mechanical 
Engineering and received his Masters 
Degree from the same institution the 
following year. He was formerly as- 
sociated with the Consolidated Edison 


Co, of New York. 


Future Meetings of NWSA 


faymond P. Tarbell, President, 
Scott-Tarbell, Inc., Cleveland, Ohio, 
who was elected President of the 
National Welding Supply Association 
at the Thirteenth Annual Convention 
in Washington, D. C. in May, has just 
announced the schedule of Association 
Zone Meetings for 1957, as follows: 
Central Zone, Sheraton-Gibson Hotel, 
Cincinnati, Ohio, September 12-13 
1957: Eastern Zone, Commodore Hotel, 
New York, N. Y., September 16-17, 
1957; West Central Zone, The Cosmo- 
politan, Denver, Colo., November 11 
12, 1957; Western Zone, Riviera Hotel, 
Las Vegas, Nev., November 14-15, 
1957; Southeastern Zone, Atlanta Bilt- 
more, Atlanta, Ga., December 2-3, 
1957: and Southwestern Zone, The St. 
Anthony, San Antonio, Tex., December 
5-6, 1957. 

The Fourteenth Annual Convention 
will be held in the Americana, Miami 
Seach, Fla., Monday, Tuesday and 
Wednesday, May Sth, 6th and 7th 


1958. 


ASTM Elects New Officers 


The American Society for Testing 
Materials announced the election of new 
officers at their 60th Annual Meeting, 
June 16-21, at Atlantic Citv, N. J. 
The incoming officers are: Richard T. 
Kropf, president; F. L. LaQue, vice- 
president; and as directors, Claude L. 
Clark, A. E. Juve, John H. Koenig, 
Rudolph Earl Peterson and Russell 
Wade Seniff, were elected to three-vear 
terms in office 


RWAA Elects New Officers 


Walter A. Cox, general manager of 
W W Alloys, Inc., Detroit, Mich., was 
elected president of the Resistance 
Welding Alloy Association at the First 
Annual Meeting of the organization 
held in Detroit last week. 

James A. O'Grady, President of 
Weldaloy Products Co., Van Dyke, 
Mich., was re-elected vice-president. 
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Current business was reported to be 


equal to or a little better than 1956 
with a favorable outlook for the months 
ahead. 

In addition to the collection and dis- 
tribution of industry statistics for the 
benefit of Members, the RWAA is 
developing dimensional standards for 
industry products that will be of value 
to all segments of the resistance-welding 


industry 


BWRA Opens New Lab 
The British Welding Research Assn 


officially opened its new metallurgical 
laboratory at Abington Hall near Cam- 
bridge, England, on July 23rd. The 
tt. Hon. Lord Tedder, marshall of the 
Royal Air Force and chancellor of the 
Universit, of Cambridge, presided 
at the opening. The new laboratory 
contains the latest welding processes 


and control tests on its 13,000-sq ft area 


Welding on TV 


On June 8th New York urea tele- 
viewers had the opportunity to see a 
welding story on the program, “Alen of 
Achievement.”” This particular pro- 
gram showed scenes on the application 
of semiautomatic inert-arc welding of 
aluminum and roll planishing of welds 
on aluminum cones cylinders 
Airline Welding and Engineering, a 
supporting company of the AMERICAN 
WELDING Society, was the basis upon 
which the entire story was focused 
This program had heen viewed pre- 
viously in Los Angeles, San Francisco 
and Seattle. Airline Welding and En- 
gineering is located in Hawthorne, Cali 


Farrell Lectures to 
French Engineers 


The American Section of the Société 
France held 
their tenth lecture of the current season 
at the French Institute in New York 
Citv on June 12th. 
William J. Farrell @W 
tion engineer and assistant to the vice- 


des Ingenieurs Civils de 


chief appirea- 


president of Sciakyv Brothers, Chicago 
presented a lecture, accompanied by 
slides and a film, entitled ‘‘Recent 
Developments in Resistance Welding.” 
Mr. Farrell emphasized the growing im- 
portance of resistance welding in the 


“Jet Age.”’ 


Distributor Holds Open House 


R & R Welding Supply Co. held an 
open house on June 20-21 at their new 
University at First, Des 
\loines, Iowa. 


quarters, 
Included in the welding 
display were live demonstrations of 
inert-arc, 


oxvacetvlene, metallic-are, 
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submerged-are, semiautomatic CO. and 
constant-voltage welding 
Cutting machines were also in operation. 
Representatives from over fifteen man- 
ufacturers were on hand to demonstrate 


pre WESSES. 


their products. 


Fabrication Forum 


A “Fabrication Forum,” sponsored by 
Whitehead Metal Products Co., Ine., 
featuring over 100 experts and tech- 
nicians from leading manufacturers, 
was held June 4th, 5th and 6th to cele- 
brate the opening of the company’s 
new Windsor, Conn., warehouse. 

The new 34,100-sq-ft office and ware- 


house, eighth in the Whitehead chain, 
is located on the Hartford-Springfield 
Expressway in the new Windsor Indus- 
trial Park. It will carry the full 
Whitehead line of corrosion-resistant 
metals and accessories. 

The Forum gave metal fabricators in 
the New England area an opportunity 
to view demenstrations on such fabri- 


cating operations as machining, ano- 
dizing, bending, flame cutting, welding, 


casting and brazing. 


Nelson Appoints Distributors 


Two new distributors have been 
appointed-by the Nelson Stud Welding 
Division of Gregory Industries, Ine., 
Lorain, Ohio. 

The Darbyshire Steel Co., 1900 East 
Paisano Drive, El handle 
Nelson studs and stud welding equip- 
ment in southwest Texas. New agent 
in western Canada is William P. Somer- 
ville and Co., 1736 Hastings St., East, 
Vancouver, British Columbia, Canada. 


Paso, will 


Executive Changes 
at Whitehead 


Edward W. Lothman, vice-president 
of Whitehead Metal Products Co., Ine.., 
has been elected a director of the com- 
pany, T. M. Bohen, chairman of the 
board, announced today. At the same 
time he also announced the election of 
Richard W. Nuffort as secretary, Frank 
A. Fink as treasurer and John W. 
Bonnet as administrative assistant to 
the president and assistant secretary. 

The changes, all of which are effec- 
tive July Ist, are occasioned by the 
retirement on that date of Elmer W. 
Silver. Mr. Silver is vice-president, 
treasurer, a director and a member of 
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National Carbide Company 


General Offices: 150 East 42nd Street, New York 17, N. Y. 
A DIVISION OF AIR REDUCTION COMPANY, INCORPORATED 
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the management committee of White- 
head. 


Research Expanded at Airco 


Ground was broken at Air Reduction 
Co.’s research center at Murray Hill, 
N. J., for the two-story polymer lab- 
oratory. The new wing to the main 
building will house research devoted to 
the development of polymers primarily 
for paints, adhesives, plastics and coat- 
ings. The ceremony provided the ad- 
ditional occasion to celebrate Airco’s 
tenth anniversary at the Murray Hill 
site. 

Airco’s recent trend into chemistry is 
a result of by-product research in acety- 
lene, one of their principal, manufac- 
tured gases. Dr. George V. Slottman 
vice-president of cited the 
perfection of the inert-gas shielded-arc 
process as a major advance in their own 


research, 


welding development. 
Construction is expected to be com- 
pleted by the end of the year. 


At the ground-breaking ceremonies for 
the new addition to the research 
laboratory of the Air Reduction Co. in 
Murray Hill, N. J., are shown, left to 
right! Mayor C. P. Dean of Summit; 
Mayor Samuel Jones of New Provi- 
dence; John A. Hill, president of Airco; 
Dr. G. V. Slottman, Airco vice-presi- 
dent—Research and Engineering; and 
Dr. L. |. Gilbertson, director of the 
laboratories. 


Duquesne Oxygen Unit 
Commences Operation 


The world’s largest single-unit oxy- 
gen-producing plant for steel-mill serv- 
ice has commenced operation at the 
Duquesne, Pa., Works of the United 
States Steel Corp., according to a re- 
cent announcement by Harvey B. 
Jordan, executive vice-president—op- 
erations. 

Built, operated and owned by Linde 
Co., division of Union Carbide Corp., 
the oxygen plant has a rated capacity of 
over 500 tons of oxygen per day. 

About 90% of the oxygen produced 
by the new plant is being utilized to 
increase output and reduce fuel con- 
sumption in the Duquesne Works’ ferro- 
manganese blast furnaces. Ferromanga- 
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For maximum corrosion resistance 


at elevated temperatures... 


—" HANLON & WILSON CO. selected 


joins a bellows to the type 321 MAO: 
stainless manifold with Arcaloy 


type 347 electrodes STAINLESS STEEL ELECTRODES 


Highly corrosive diesel fumes at temperatures up to 1300” F. is 
the reason why Philip Hoener, Shop Superintendent, specified 


Arcaloy 347 AC-DC electrodes for the welds in this new stainless 
Alloy steel manifold for diesel engines. 
Hanlon & Wilson Company, Pittsburgh, Pa., are the developers 
and manufacturers of this revolutionary, exceedingly superior 
Rods manifold design which more than doubles the service cycle of 
railroad diesel engines. 


) 
YS C The key to this development is a series of stainless steel bellows 
0. 


of unique design. Fourteen of these bellows working on a hori- 
yf zontal sleeve arrangement have eliminated failures caused by 
General Offices and Plant expansion and contraction, vibration, gas pressures and of course, 


Lincoln Highway West corrosion. 
YORK 3, PENNSYLVANIA 
There are 25 grades of Arcaloy stainless steel electrodes, in lime 
or AC-DC coatings, that will improve your product . provide 
750 Lairport Street a better quality weld metal. Write for a copy of bulletin AR-10, 
EL SEGUNDO, CALIF. the selector guide to superior quality stainless steel weld metal. 


NO FINER ELECTRODES MADE... ANYWHERE 
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hese, & Inanganese-iron compound used 
as an alloying agent in steel making, is 
produced by essentially the same proc- 
ess used to make pig iron. 

With additional oxygen entering the 
furnaces, the normal daily production 
of 700 tons of ferromanganese at Du- 


quesne is expected to be increased by 
over 25%. At the same time, coke 
consumption per ton of ferromanga- 
nese will be reduced, 

Enriching the air blast by 6% with 
oxygen will boost ferromanganese pro- 


duction by accelerating the smelting 
process. The flow of oxygen into the 
air blast is closely regulated to control 
the furnace temperature since excessive 
heat may damage the furnace linings. 
Since fuel efficiency is improved by 


the addition of oxygen to the blast, 
less coke is burned for each ton of fer- 
romanganese produced. Under ordi- 
nary operating conditions, ferromang:- 
nese furnaces consume over 2!) , times as 
much coke as pig iron furnaces—about 
3400 Ib per ton of metal as compared 


to 1300. 


Here is the reason why this ‘ironworker” 


is so well-dressed: the occasion is the 
start of steelwork demolition of the 
Hotel Marguery on Park Ave. 

Shown here, making the first cut in one of the old 
columns, is W. M. Haile, now president of Linde 
Company, a division of Union Carbide Corp. 
UCC will erect a 52-story home office building 
on this site in New York City. 


~GOOD WELDERS DO BETTER =" 


They Save On: 
e Preparation 
e Dismantling 
e Reassembly 


e Cleanup 


ING. FILLING. 


ALL-STATE WELDING ALLOYS C0., 


Look for this trade-mark at 
at your Welding Supply Dis- 
tributor’s. All metals. All 
methods. All-State is your 
assurance of these advan- 
tages when you buy. Ask for 
new Instruction Book on 62 
alloys and fluxes. 


INC., WHITE PLAINS, N. Y. 
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“PLAYER PIANO” WELDING 


Insert a roll of tape, set the controls 
and this machine automatically welds 
in less than one and a half hours as 
many as 1600 spots on a jet engine 
part at General Electric's plant at 
Everett, Mass. This machine is ex- 
pected to save approximately $26,000 
annually in the manufacturing of jet 
engines for defense. With the new 
machine, jet engine cylindrical parts 
can be welded in about one-quarter 
of the time it formerly required with a 
manually-operated welding machine. 
All directions and positions for the 
welding are programmed on a 
punched paper tape which automati- 
cally controls the positioning, indexing 
and welding cycle of the machine 
during the entire operation. 


AEC REACTOR 


Recently the Atomic Energy Com- 
mission of the Department of Defense 
completed work on a $3,500,000 
Army Package Power Reactor which is 
now being test operated at Ft. Belvoir, 
Va. The nuclear power plant—one of 
the Nation's first to go into service and 
the first of a series being developed 
for the U. S. Army—was built by 
ALCO Products, Inc., of Schenectady, 
N. Y., under a contract with the U. S. 
Atomic Energy Commission. It is the 
Army's first undertaking in the power 
reactor field. The net electrical out- 
put of the plant will be utilized to 
supplement the Ft. Belvoir power dis- 
tribution system. 
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Stainless Steel 


In hundreds of applications, Drawalloy wire 
has been put to the test . . . X-ray, dye check, 
pressure and service and with the same consis- 
tent result—OK as welded. That’s why Frank 
Iapalucci, Manager of Welding Engineering for 
Baldwin Lima Hamilton, Eddystone, Penna., 
selected Drawalloy chrome-moly wire for the 
automatic welds on this reactor. The vessel is 
constructed of A 301-54T Grade B firebox qual- 
ity steel ranging in thickness from 5-1/16” to 
2-5/8”. Drawalloy 1-1/4 Cr, 1/2 Mo wire was 
used for all submerged arc joints. 

When inspection by X-ray is required, don’t 
gamble . . . rewelding is expensive . specify 
Drawalloy “quality controlled” wire. Drawalloy 
stainless steel welding wire is produced to strictly 
controlled specifications to provide the right 
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demand 


inspection 


100% X-ray 


7 CORPORATION 


Welding Wire 


chemistry, finish and temper for smooth opera- 
tion in your equipment and to provide X-ray 
quality welds. 

Why not discuss your stainless welding wire 
needs with your Drawalloy Distributor or Rep- 
resentative ... aman ready to help you. Bulletin 
355-DC provides complete information on every 
grade of Drawalloy wire. Write to: Drawalloy 
Corporation, Lincoln Highway West at Alloy 
Street, York 13, Pennsylvania. 


DRAWALLOY 


CORPORATION 
YORK, PENNSYLVANIA 


THE WIRE MILL FOR THE WELDING INDUSTRY — STAINLESS STEEL - HARD SURFACING - TOOL STEEL 
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Marshall New 
Research Director 


Marshall has been 
metallurgical 


Dr. Shadburn 
appointed 
research at Air 
Research 


director of 
teduction’s Central 
Murray Hill, 


Laboratories, 


Shadburn Marshall 


N. J., it was announced by G. VY. 
Slottman, vice-president of research and 
development 

Prior to joining Airco, Dr. Marshall 
specialized — in application 
and process development for the fabri- 
Much of his work was 


materials 


cation of metals. 
with nuclear materials and fuel elements. 

Dr. Marshall is the author of numer- 
ous technical papers published in var- 


professional journals. 


Robert M. Briney Promoted 


Robert M. Briney has been appointed 
president of Haynes Stellite Co., Divi- 
sion of Union Carbide Corp., it was 
Morse G. Dial, 
president of Union Carbide. 

Mr. Briney started with the Corpora- 
tion in 1924 in the Niagara Falls, N. Y., 
plant of Electro Metallurgical Co., a 
division of Union Carbide. He has 
held key positions with that division 
both in production and development at 
Niagara, as well as at Alloy, W. Va., 
and New York. In 1950, he was made 
vice-president in charge of wrought 
alloy products for Haynes Stellite Co., 
in Kokomo, Ind., and was transferred 
to the New York office of that division 
in July 1954. 

Mr. Briney was born in Dayton, 
Ohio. He received a Bachelor of 
Science degree in chemical engineering 
from Purdue University in 1924. 
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Commander Huester 
Transferred 


Harry J. Huester, a member of 20 
years standing of the WeELpD- 
ING Society, has been transferred from 
the Naval Air Station, Aeronautical 
Engineering Department, Jacksonville, 
Fla., to his new post at the Naval 
Air Material Center, Philadelphia Navy 
Yard. 


Howard Promoted 


Donald B. Howard has been ap- 
pointed Staff Metallurgist, Research and 
Development Department of the Ameri- 
ean Car and Foundry Division, ACF 
Industries, Inc., and will be assigned to 
the New York Office. 

During his ten vears with ACF at 
Berwick, Pa., he has devoted much 
effort to the evaluation of new welding 
materials and processes and their subse- 


Donald B. Howard 


quent application in the railway equip- 
ment and Ordnance field. Prior to his 
association with ACF he was a metal- 
lurgist at the American Steel and Wire 
Division of United States Steel Corp. 
Mr. Howard was graduated from Col- 
gate University in 1939. He is a mem- 
ber of the AMERICAN WELDING Soctery 
of which he is currently the District 
Director for District No. 2. He has 
served on the Soctrery'’s National Board 
of Directors since 1952 as well as the 
following committees: Technical Coun- 
cil of the Board of Directors, Head- 
quarters Housing Committee, Member- 
ship Committee, Section Advisory Com- 
mittee, Educational Activities Commit- 
tee (Sub Committee “A’’), the Com- 
mittee on Filler Metal as well as Special 
Committees on Membership Classifi- 


Pe rsonne l 


cation and Sustaining Membership. 
Mr. Howard is also a member of the 
American Society for Metals. 


Middaugh Promoted 
by Sylvania 


The appointment of Kenneth F 

Middaugh as plant manager in charge of 

weldjoperations of Sylvania Electric 


Kenneth F. Middaugh 


Products Inc. has been announced by 
Merle W. Kremer, general manager of 
the company’s Parts Division. 

In his new assignment, Mr. Mid- 
daugh, who previously was purchasing 
agent for the Parts Division, will be 
responsible for manufacturing opera- 
tions at Sylvania’s weld plants in 
Warren, Pa., and in Nelsonville, Ohio. 
He will continue to have his office at 
headquarters in Warren. 


Haberman and Jackson 
Appointed by Eutectic 


Rene D. Wasserman, president of 
Eutectic Welding Alloys Corp., 40-40 
172nd St.. Flushing 58, N. Y., an- 
nouneces two new appointments to the 
organization. 

M. A. Haberman has been named 
manager of the plant office of Eutectic 
Welding Alloys Co. of Canada, Ltd., 
3150 37thSt., Ville St. Michel, Montreal 
Mr. Haberman will supervise customer 
service and will be responsible for the 
conduct of the Eutectie Welding Insti- 
tute courses at the Montreal plant. 

Mr. Wasserman also announces the 
additional appointment of John E. 
Jackson as regional manager. 

Mr. Jackson, a ten-year veteran in 
customer service at Eutectie’s head- 
quarters, will train and coordinate the 
activities of a group of district engi- 
neers. A graduate of the University of 
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XYRON 2-25 REPAIRS RR DIESEL ENGINE 


SAVES *10,800, WEEKS OF DOWNTIME 


A large break in the first cylinder of a 
600 horsepower diesel engine almost 
resulted in the loss of $10,800 by a 
Midwestern railroad. Attempts to 
repair the engine with conventional 
high heat welding materials failed 
because the block was thoroughly dirt 
and oil soaked and its tremendous size 
made pre-heating impossible. 

The railroad’s maintenance foreman 
was ready to recommend scrapping the 
engine when Eutectic’s District Engineer 


suggested welding with patented Xyron 2-25, 


Fig. 1 


“Eutectic’s” newest and most 


advanced electrode for all types of grey and alloyed cast iron. Xyron 2-25 is 


Fig.2 

Welding machine was set at 100 amps, 
DC reversed. The weldor then used a 
stringer technique with short arc to de- 
posit 2” passes of Xyron 2-25. Peening 
after each pass relieved stress and slag 
was easily removed. 

Final results were excellent. Xyron 2-25 
produced dense, smooth, porosity free 
deposits at lowest amperages. (Fig. 3) 
Fast repair with Xyron 2-25 saved rail- 


road $10,800 replacement cost and avoided weeks of downtime. 


usable fast and cold and is the first 
non-cracking, porosity free, all posi- 
tion electrode for cast iron. 

Repair was begun by veeing out all 
broken surfaces with Eutec-Chamfer- 
Trode, high speed gouging electrode for 
all metals. (Fig. 1) Gouging with 
ChamferTrode provided a good surface 
for deposits of Xyron 2-25 and burnt 
out many of the impurities in the 
casting. After the broken parts were 
reassembled on the engine block, Xyron 
2-25 was used to tack weld. (Fig. 2). 
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HIGHEST STRENGTH JOINTS 
WITH EUTECTRODE 201 


Welded with patented EutecTrode 2101, 


the aluminum tine joints on this cement 


block unloader are up to three times 
stronger than joints of conventional alum- 
inum electrodes. Loads of close to a ton 
cause the tines to dip as much as eight 
inches without cracking. EutecTrode 2101 
quickly fabricated the block unloader, 
produced smooth solid deposits with good 
color match and high resistance to corro- 
sion. The first aluminum electrode with an 
extruded flux coating, EutecTrode 2101 
does not spatter or fume, produces a quiet 
arc at lowest amperages. EutecTrode 2101 
outperforms all conventional aluminum 
electrodes. (A-72) 


EUTECTRODE 680 AC-DC 
AVERTS 10 WEEK STOPPAGE 


A _ = stamping plant faced an 8-10 
week production stoppage of a 
cracked shaft on a 340 ton press. Replace- 
ment was estimated at $15,000. But down- 
time was averted and replacement cost 
saved by using EutecTrode 680 AC-DC 
and Eutec-ChamferTrode to repair the 
shaft at a cost of only $37 in materials. 
Eutec-ChamferTrode, high speed gouging 
electrode, was first used to vee out the 
crack, which extended 6” through the 12” 
shaft. EutecTrode 680, patented high 
tensile electrode for very high alloy and 
carbon steels, was then applied. Eutec- 
Trode 680 welds were applied at lowest 
amperages. (A-73) 


because 


In answering industry’s requests for 
technical data, Eutectic’s research and 
engineering staffs help industry save 
thousands of dollars each year. Your 
questions, like these below, will be 
answered without obligation by Eutectic’s 
Technical Information Service. 


Q. My company’s welding manual makes 
reference to the use of solder in the repair 
of lamp socket contacts. EutecRod 157 
with Eutector Flux 157 was recommended 
to us for this application. Will you advise? 
We would like to incorporate this infor- 
mation in our manual for future use. The 
fact that this soldering is performed by 
unskilled personnel should be considered. 


A, EutecRod 157 


recommendation. 


is considered an ideal 
Since this alloy has an 
extremely narrow plastic range, rapid 
solidification takes place, assuring a good 
build-up. It is therefore easier to handle 
by the unskilled. Deposits are harder and 
have higher electrical conductivity than 
conventional solders. This means greater 
resistances to pitting and general wear. 
Since the alloy has a higher solidus tem- 
perature, the possibility of plasticizing the 
build-up if accidental arcing occurs is 
virtually eliminated. Contacts also will 
remain bright and clean since EutecRod 
157 does not contain lead or other ele- 
ments than darken with age. Melting 
point is approximately 430° F. Electrical 
conductivity is 18 percent. 

Q. What is the electrical resistance of 
EutecRods 180, 800, and 1804? 

A. Electrical resistivity of all three is 
almost identical in that values of 23/24 
microhms per cubic centimeter are 
obtained on all tests. 


' 
Eutectic Welding Alloys Corporation 
40-40 172nd Street, Flushing 58, N.Y. 


Gentlemen: 


| would like further free information on 
the following: 


[|] Free 170 page pocket Welding Data Book. 
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WAREHOUSE-SERVICE CENTERS IN ATLANTA, CHICAGO, HURON, PHOENIX, DALLAS, BERKELEY, AND OTHER LEADING 


INDUSTRIAL AREAS ® CANADIAN PLANT 


IN MONTREAL: 


EUTECTIC WELDING ALLOYS COMPANY OF CANADA, LTD. 


Bi: 
— 
wr 
=. 
2 
. 
: 
: 
' 
4 


Kentucky, he is a member of the AMErR- 
ICAN WELDING SOCIETY. 


Konkol Appointed by Sylvania 


The appointment of George Konkol 
to the newly created position of manu- 
facturing manager in charge of wire, 
weld and metal stamping operations for 
Sylvania Electric Products, Ine., has 
been announced by Merle W. Kremer, 
general manager of the company’s 
Parts Division. 

In his new assignment, Mr. Konkol 
will be responsible for manufacturing 
operations at Sylvania’s weld plants in 
Warren, Pa., and Nelsonville, Ohio, 
metal stampings plant in York, Pa., and 
wire plant in Warren. 


Lenhard and Lunger 
Promoted by Airco 


Effective July 1, 1957, R. E. Lenhard, 
president of the Ohio Chemical & Sur- 
gical Equipment Co., a division of Air 
Reduction Co., Ine., will become ex- 
ecutive vice-president of the major 
division of Air Reduction, the Air Re- 
duction Sales Co., it was announced by 
John A. Hill, president of the corpora- 
tion. Also effective the same date, 
W. A. Lunger, vice-president of the 
Ohio Chemical division, will be ap- 
pointed president of that division. 


Price and Lindsay Promoted 
by Liquid Carbonic 


The Liquid Carbonic Corp., Chicago, 
has announced the appointment of 
William E. Price as sales manager, In- 
dustrial and Medical Equipment. In 
his new post, Mr. Price will direct sales 
promotion on the various lines of appa- 
ratus and supplies through their district 
sales offices and network of distributors. 

The same firm has also announced the 
appointment of Donald R. Lindsay as 
assistant to the sales manager, Indus- 
trial Gas Division. Mr. Lindsay be- 
came associated with Liquid Carbonic 
in 1948. 


LeCompte Appointed 
By Shieldalloy 


Thomas H. LeCompte has been ap- 
pointed as specialist in the 
specialty steel and alloy field, according 
to an announcement by 8S. W. Madsen, 
vice-president, Shieldalloy Corp., New- 
field, N. J. Mr. LeCompte will direct 
special alloys for tool and 


sales 


sales of 
stainless steels, chromium metal and 
master alloys for vacuum-melted super- 
alloys, and master alloys for titanium 
additions in the production of titanium 
alloys. 

Before joining the Shieldalloy organ- 
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ization, Mr. LeCompte was employed 
in the field of steel sales for a period of 
seven years. Prior to this, he was con- 
nected with the Lackawanna Plant of 
the Bethlehem Steel Co. Mr. Le- 
Compte received a B.S. in metallurgical 
engineering from the Michigan College 
of Mining and Technology. 


Coughlin Appointed Sales 
Manager 


James P. Coughlin has been appointed 
general sales manager, Cushioning Prod- 
ucts Div., Armour and Co., Alliance, 
Ohio. He will supervise the division's 


James P. Coughlin 


sales for the automotive and transporta- 
tion industries, the furniture and up- 
holstery industries, packaging products 
and Armofoam products 

Formerly, he was assistant to the 
president, Eutectic Welding Alloy Corp. 
and in 1953 he was division manager of 
welding, Westinghouse Electric Corp. in 
Buffalo, N. Y. 

Mr. Coughlin is a graduate electrical 
engineer from the University of Missouri 
and completed postgraduate work at the 
Carnegie Institute of Technology and 
the University of Pittsburgh 

He is a member of the AmMrRICAN 
WELDING Soctery 


Mortrud Joins 
Burdett Oxygen 


The Burdett Oxygen Co. of 3300 
Lakeside Ave., Cleveland, Ohio, has 
announced the appointment of A. T. 
(Mort) Mortrud as manager of the Arc 
Welding 
Mortrud will supervise the sale of Gen- 


Division. As manager, Mr. 


eral Electric arc-welding machines, are- 
welding electrodes and arc-welding 
accessories. Mr. Mortrud joins Bur- 
dett Oxygen with more than twenty 
vears of service in the are welding busi- 
ness. During this time he was associ- 
ated with Hobart Brothers and Mar- 
quette Manufacturing. He served six 
district manager for the 
Corp., and then was 


years 4s 
Harnischfeger 


Personnel 


A. T. Mortrud 


manager of Cleveland 
Mr. Mortrud is a 
WELDING 


promoted to 
sales for that firm. 
member of the AMERICAN 
Sociery. 


Onders and Ghastin Appointed 
by Wall Colmonoy 


According to an announcement by 
W. P. Clark @9, vice-president for Wall 
Colmonoy Corp., 19345 John R. St., 
Detroit 3, Mich., two new appoint- 
ments have been made in the company’s 
sales organization 

Charles 8. Ghastin will represent the 


John R. Onders 
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LINCOLN IDEALARC WELDERS 
OFFER EITHER DC OR AC 
WELDING CURRENT 

AT THE FLICK OF A SWITCH. 
CAPACITIES FROM 

180 AMPS. TO 500 AMPS. 
OPERATE ON SINGLE PHASE 
POWER...AND COST NO MORE 
THAN ORDINARY DC WELDERS 


300, 400 and 500 Amps. 
models (left) 


180, 250 Amps. models (below) 


THE LINCOLN ELECTRIC COMPANY 


Dept. 1931 * Cleveland 17, Ohio 
The World's Largest Manufacturer of Arc Welding Equipment 
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MANUFACTURING 
RESEARCH 
ENGINEER 


Welding - 


Welding section of Manufacturing 
Research & Process Department has 
an excellent opportunity for a college 
graduate with BS in engineering or 
science, plus 3 years experience in 
welding. The applicant selected will 
conduct research and development 
programs in welding; also act as weld- 
ing consultant to engineering, and 
apply welding processes for produc- 
tion. Experience in aircraft manu- 
facturing preferred. 


Salary commensurate with experi- 
ence and ability to work with high 
degree of independence. 


Among other advantages, Republic 
offers a comprehensive _ benefit 
program including company-paid 
hospitalization, surgical, accident 
and life insurance, tuition (7/3), 2-fold 
pension plan, individual merit rated 
increases and many other benefits. 


Send resume in confidence to: 


Mr. Paut HartTMan 


company in the New York area. Mr. 
Ghastin was recently a district engineer 
for a manufacturer of welding rods and 
electrodes. 

John R. Onders has been named to the 
Pittsburgh sales force. Prior to join- 
ing Wall Colmonoy, Mr. Onders was 
general manager of a custom welding 
house. 


EMPLOYMENT 
SERVICE 


Positions Vacant 


Excellent opportunity for young engineer 
to join national staff of American Welding 
Society in New York City. Recent pro- 
motion creates vacancy for assistant to 
technical secretary. 
include representation on technical com- 


tesponsibilities to 


mittees, research on technical data, 
editing of standards, answering technical 
inquiries from industry. Applicant must 
have degree in engineering, with at least 
three years experience, preferably in weld- 


RESEARCH 
METALLURGISTS 


Masters or Ph.D. degrees pre- 
ferred. 25 to 35 years of age. 
Work in applied research, 
dealing with welding of ferrous 
and non-ferrous alloys, investi- 
gation of service problems, and 
selection of materials of con- 
struction. 

Applicants should have experi- 
ence in the application of met- 
allurgy to production problems. 


C F BRAUN & CO 
Alhambra, California 


Employment Department 
Farmingdale, Long Island, N. Y. 


The 
All-New 


America’s FIRST 
Supersonic Bomber 


Welding Engineers 
e Metallurgists 


Recent graduates and non-graduates with sufficient ex- 
perience to develop metallurgical processes and solve 
production problems in welding and heat treating of 
ferrous and non-ferrous metals for the all-new B-58. Work 
in America’s largest and finest aircraft manufacturing 
facility, enjoy pleasant suburban living with metropolitan 
educational and cultural facilities, salary and employee 
benefits that are tops in the industry. With nearly half- 
a-hundred Air Force contracts on hand, your future is 
NOW .... at Convair! 


Send resume of training and experience to: 


MR. B. R. TOUDOUZE 


CONVAIR 


FORT WORTH 


FORT WORTH, TEXAS 
CONVAIR IS A DIVISION OF GENERAL DYNAMICS CORPORATION 
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ing or allied fields. 


V-343. Engineer. 


Salary commensurate 
with qualifications and experience. Send 
résumés to Technical 
39th St., New York 18, N.Y. All replies 
will be held in confidence. 


Secretary, 33 W. 


Age 28 to 33, with 


Engineers and Constructors 


Experienced in resistance, arc, and gas welding. 
Manual, semi-automatic, and automatic. 


Must be qualified to determine process, specify 
equipment, and ability to apply same for successful 
conclusion on high production. 


Primarily steel stampings and assemblies. 
Heavy machinery plant employing 2,500. 
Location—Mid-West 


Write qualifications and present salary. 


Write V-345, The Welding Journal. 


Get the BEST for LESS 
Get 
“ANTI-BORAX” FLUXES 


Fully Guaranteed 


SAFE—NON-TOXIC 


Cast Iron Welding Flux 

Brazing Flux 

“Braz-Cast” Flux for bronze welding cast iron 
“ABC” Sheet Aluminum Flux 

Silver Solder Paste Flux 


Send for complete Folder and Samples 
Mfg. by 


ANTI-BORAX COMPOUND CO. INC. 
Fort Wayne 9, Indiana 


Personnel 
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Production welding 


operations 


are big factor in 
International Harvester quality control 


Canadian Plant Uses Robotron 
Timers on Resistance Welders 


Modern production equipment is one of 
the important reasons behind Interna- 
tional Harvester’s world famous repu- 
At IH’s 


Robotron re 


tation for quality products. 
Chatham, Ontario plant, 
sistance welding controls are playing an 
important part in maintaining this high 
level of quality in IH trucks for the 
Canadian market. Robotron precision 
timers provide efficient, economical con- 
trol for the scores of resistance welders at 
work on the company’s production line. 


aw Ria 


INDUSTRIAL ELECTRONICS Name. 


Varied resistance welding problems can 
be solved with one master unit through 
“plug-in” 


interchangeable type compo- 


nents .. . holding costly downtime to a 
minimum, eliminating equipment tie-ups 
and reducing obsolescence. The design 
simplicity of Robotron controls allows 


maximum on-the-job versatility. 


To improve product quality and reduce 
production costs in your operations, let 
Robotron’s experienced staff team up 
with you in the practical solution of con- 
trol problems. Discuss your requirements 
with a Robotron field representative. 


21300 WEST EIGHT MILE, DETROIT 19, MICHIGAN 


FOR YOU...FROM ROBOTRON 
—A new bulletin available on 
request. Write for your copy 


Company__ 


Address__ 


| 
| 
| 
| 
| 
| 
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REPRESENTATIVES IN PRINCIPAL “CITIES IN U. S. AND CANADA 


AvuGust 1957 


Installation of NEMA type N2X Robotron 


361C Resistance Welding Controls at Inter- 


national Harvester Plant, Chatham, Ontario. 
Equipped with oe , 2-pole 600 volt isola- 


tion switch, and special Safety-Lock doors. 


Another view of installation showing close-up 
of welding transformers and portable guns. 


Series 361C Resistance Welding Control, con- 
sisting of Model 3BO8E-C NEMA 3B “ Fail- 
safe’’ tube firing timer, isolation switch, and 
600 amp. ignitron contactor. 


: 
i 
‘ 
‘ 
' 
| 
| 
| 
City Zone State 


experience in the gas welding, cutting and 
pressure regulator fields to assume duties 
is assistant chief engineer in the design 
of new products and the development of 
new manulacturing processes 

established, growing Cleveland manu- 
facturer of gas welding and cutting equip- 
ment, Send complete résumé indicating 
salary desired 


V-5344 


welding, brazing, soldering 


Director of technical training 

Alloys com- 
pany With international distribution has 
inusual opening for an excellent instructor 
techniques and metal- 
Position 
speaking ability, 


skilled in joinery 


lurgy of welding processes 
requires sales 
extensive travel, mature judgment, and 
Primary 
task is training of company representatives 


sense, 


veceptance of responsibility 
ind distributors, which includes conduct 
of clinies and demonstrations and speaking 
before technical and operating groups 
Salary plus expenses 


Glidden Joins Metalweld 


Kenneth G. LeFevre, vice-president 
of the Protective Coatings Division of 
Metalweld, Inc., applicators of tank 
linings, has announced that William E. 
Glidden, formerly founder and president 
of Glidden Coating Co. in Pitman, N. J., 
has recently become associated with 
Metalweld in Philadelphia. 

Prior to forming his own company in 


MEMBERSHIP IN THE 
AMERICAN WELDING SOCIETY 


helps you improve your product, 
increase your production and lower 
your welding costs. You'll have 
for your own use latest available 
welding “know-how’’, including the 
Society's Welding 


Welding Handbook. 


Journal and 
How you can 
join the Society and take advan- 
tage of its many benefits is ex- 
literature 


plained in descriptive 


available. 


For further details write to 


AMERICAN WELDING SOCIETY 
33 West 39 Street 
New York 18, N. Y. 


William E. Glidden 


1948, Mr. Glidden was associated with 
Metallizing Engineering Co. as a de- 
velopment engineer and a sales engineer. 

He holds a B.S. in mechanical en- 
gineering from the University of Iowa 
(1932) and was one of the pioneers of 
the process of metal spraying. He 
joined Metallizing Engineering in 1935 
and, except for a brief tenure in another 
company and a three-year tour of duty 
in the U. S. Navy during World War 
II, Mr. Glidden remained with the 
metallizing firm until forming his own 
company nine years ago 


He is a member of the AMERICAN 


WELDING Society, the National As-, 


sociation of Corrosion Engineers and the 
Society of the Plastics Industry 


Moeller New Sales Manager 


John W. Moeller has been appointed 
sales manager of the Welding Products 
Division of California Alloy Products 
Co., 64388 E. Corvette, Los Angeles, it 
has been announced by Hugo Hiemke, 
president of the firm. 


John W. Moeller 


Mr. Moeller brings to California 
Alloy Products considerable background 
and experience in the welding field, 
having been manager of the welding 
division of Pacific Metals Co. for the 
past 11 vears, and welding consultant 


Pe rsonnel 


to a number of large construction and 
engineering firms. 

Mr. Moeller’s responsibility will be 
to promote sales and application fOr 
welding electrodes and machines. 

He is a member of the AMERICAN 
WELDING SOCIETY. 


OBITUARY 


Lee H. DeWald 


Lee H. DeWald, 51, chief metallur- 
gist for National Cylinder Gas Co. 
Chicago, died the night of May 30 
1957, at his home in Aurora, Ill. He 
August 


had been with NCG_ since 


Lee H. DeWald 


1948 and worked out of the company’s 
19th St. plant in Cicero. 

Mr. DeWald received his B.S. and 
M.E. degrees from the Missouri Schoo! 
of Mines and spent several years as 
development engineer at the Western 
Electric Co. He later became metal- 
lurgical engineer for Goldsmith Brothers 
Smelting and Refining Co. and held a 
part-time staff position at Northwestern 
University during this period. From 
1937 to 1944 he joined the technical 
staff of Fansteel Metallurgical Corp. 
and its carbide-producing subsidiary, 
Vascolor-Ramet Corp. In 1944 he 
supervised the installation of a cemented 
carbide manufacturing unit for Archer 
and Smith Ltd. in Lexington, Ky. A 
vear later he joined the metallurgy 
department at Massachusetts Institute 
of Technology. 

Mr. DeWald was a consultant on 
cemented carbides and powder metal- 
lurgical problems for many years and 
supervised government-spon- 
sored researches on refractory materials 
He was well known for recent research 
and lecture activity on CO, and inert- 
gas arc-welding processes. 

Mr. DeWald was a member of the 
AMERICAN WELDING SOCIETY. 
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Welding Positioners 


Aronson Machine Co., Arcade, N. Y. 
announces the availability of a booklet 
on floor turntable welding positioners, 
ranging in from 1000 to 
120,000 Ib. 

According to the manufacturer, Aron- 
son floor turntables afford 
with low-cost high-precision means of 
rotating 
axis. The seven models described in 
the booklet indicate various methods in 
which these positioners can be utilized 


capacity 


industry 


workpieces about a vertical 


in burning, grinding, X-ray and welding 
For your free copy, W rite to the above 
source and request Bulletin No. FT57 


Literature from BWRA 


Several new booklets are available 
from BWRA on the following subjects: 
Jigs and Positioners (5 ), 30 pages; 
Heat Treatment of Welded Constructions 
Resistance Welding 
7/6), 46 pages; Arc Welds in Mild 
Steel—Production and Inspection (2/6), 
12 pages; and Design of Welded Joints 
Also available from 
the same source is a revised edition of 
the BWRA wall chart which depicts 
faults encountered in metal-are welding. 
The prices are 5 and 11 for un- 
mounted and mounted copies 
tively. To order your booklets or 
charts, write to the British Welding 
Research Assn., c/o 29 Park Crescent, 
London W. 1, England. Mailing 
charges will be postpaid. 


(5 ), oS pages; 


(7/6), 48 pages. 


respec- 


Welding News 


The second quarter 1957 issue of the 
Ampco Welding News, published by the 
Weldrod Department of Ampco Metal, 
Inc., is available for distribution. 

This issue cites several detailed in- 
stances in which savings resulted from 
the use of bronze electrodes and filler 
rod. The lead article describes the re- 
building of badly 
mold shaker pistons with Ampco-Braz 
No. 1 filler rod. Other articles are de- 
voted to the fabrication of dynamite- 
mixing bowls, salvaging of drop-forge 


worn centrifugal- 


hammer columns, overlaying of large 
conveyor-belt sprockets, and the “‘cap- 
ping” of steel gear teeth. 

Free copies of this publication may be 
obtained by writing to Ampco Metal, 
Inc., 1745 S. 38th St., Milwaukee 46, 
Wis. 
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Hard-Surfacing Booklet 
Metal & Thermit Co., Rahway, N. J., 


offers a new 20-page booklet about a new 
Murex Hardex hard-surfacing 
The electrodes best suited 
to different hard-surfacing applications 
are charted in the booklet. Informa- 
tion is also furnished on how to decrease 


line of 


electrodes. 


porosity , cracking, penetration and weld 
metal dilution with these low-hydrogen 
electrodes 

According to manufacturer, physical 
and chemical properties of typical de- 
posits for each of the 16 electrodes now 
Metal & 


hard-surfacing line are described. 


Thermit’s new 
With 


electrode 


included in 


low-hvdrogen coatings, the 
are engineered to improve wear char- 
acteristics under severe service condi- 
tions 

The wide 


matching of weld metal to requirements 


selection permits close 


for wear resistance \ free copy of the 
new booklet ean be obtained by writing 
to Metal & Thermit Corp., Rahway, 
N. J 


Film Catalog 


booklet entitled ‘Westinghouse 
Sound Films" is now available from 
Westinghouse Electric Corp., P.O. 
Sox 2099, Pittsburgh 30, Pa. The 
booklet is a catalog of fortv-seven gen- 
eral information films, product-infor- 
mation films and training films available 
without charge. 

Included in this group is a ten-min- 
entitled ‘‘Metal Miracles,’ 
which depicts brazing by the electric- 


ute film 


furnace method. 
For your free catalog, write for book- 
let B-7077 at the above address. 


Wall Charts 


Two new two-color wall charts, de- 
signed for technical schools and plant- 
training programs in the practical as- 
welding are now 
available from the Eutectic Welding 
Alloys Corp., 40-40 172nd St., Flushing 
58, New York, N. Y. 


The manufacturer states that each 


pects of torch and art 


chart, measuring 22 x 34 in., is designed 
to fit into welding-training programs by 
providing students with graphically 
clear illustrations of correct are and 
torch-welding procedures 

The Torch Applications chart (TIS 


2690) explains the meaning of low- 


temperature welding, examines the good 

nt designs, and 

thin-flowing 
yauovs are designed 

The Metallic-Are Applications chart 

(TIS 2089 explains the benefits of low- 


and bad of common J 


the purposes [01 which 


heat Input, particularly the avoidance 


Ol Cracking, har lening and embrittle- 
ment in the weld zone 
Kither or both charts are 
from the Technical Inf 
Eutectic We aing All 


available 
mation Service 


s Corp. 


Welding News 
Hobart Ar 


booklet ot 
on welding 
ww available 


irge to any- 


ture time and 
mone ving applications. For your 


ol roti rs ( o.. Troy 
Ohio 


AC-DC Welders 


Four-page bulletin 1350 
sued by Lincoln lectrie Co 


amp combination welding 


recently is- 
Cleveland 
100- and 500- 


-power sources 


Ohio. describes 300- 


for ac or ad [wo pages are confined 
to various construction details, such as 


are stabilization, single-phase operation 
and low-voltage contact (nother page 
describes the specifications to which 
these units conform. For your free 
copy, write to the 1 facturer at the 


above address 


Welding of 4130 Steel 


Reprints of the paper ‘Gas-Shielded 
Consumable-Electrode Welding of 4130 
Steel,’ as published in THe WELDING 
JOURNAL, have been made available by 
Air Reduction Sales Co 

The paper discusses, among other 
topics the testing of va 
trodes of standard AISI Jow-alloy analv- 


ses with controlled phosphorus and sul- 


wire elec 


phur contents, and compares the hard- 
enability characteristics of the weld 
metals with those of the low-alloy base 
metals 

For a copy of this illustrated paper, 
write Air Reduction Sa! 
of Air Reduction Co., Inc 
St., New York 17, N. ¥ 
ADR 112. 


, a division 
150 E. 42nd 


Specify forn 
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one interested it 


Stud Welding 


Complete information on stud weld- 
ing equipment, including a_ trouble- 
shooting chart with procedures for cor- 
recting unsatisfactory conditions, is 
contained in a new Operation Manual, 
No. 5, now available from the Nelson 
Stud Welding Division, Gregory In- 
dustries, Inc., Lorain, Ohio. The man- 
ual may be obtained in either desk or 
pocket size. 

An important new section of the 
manual is devoted to welding of large 
diameter studs, first made possible on a 
commercial scale by Nelson’s new NS-9 
stud welding gun. The manual pro- 
vides full information on disassembling 
assembling and maintaining Nelson 
equipment. 


Resistance Welding Controls 


New Bulletin SP-19, the Taylor-Win- 
field Corp., Warren, Ohio, describes pre- 
cise welding controls using Dekatron 
tubes in counting circuits that control 
welding time. The new controls im- 
prove the consistency of weld time 
longer than 15 Block and 
schematic diagrams illustrate the pur- 
pose and operational principles of the 
new controls. 

For your copy write to the manufac- 
turer at the above address. 


cycles. 


Face-Shield Windows 


According to the manufacturer, a 
new means of heat forming face-shield 
windows, giving them permanent cur- 


BRAZING MATERIAL 
COSTS CUT 24% to 38% 


NEW PHOS-SILVER-6M 
developed by Westinghouse 


SAVES *1.00 OR MORE PER POUND! 


There is now a brazing alloy proving it- 
self superior to brazing materials costing 
3 to 4 times as much! 

It is the new Phos-Silver-6 M—made by 
extrusion methods!—blanketed under inert 
gas! This eliminates the oxides that cause 
most brazing troubles. And produces new 
versatility in a brazing rod, with excep- 
tional flow characteristics, remarkable 
ductility, and wnsurpassed appearance of 
the finished work! 

Moreover, Phos-Silver-6M (as a// the 


proved throughout stringent laboratory 
and shop tests, toughest production runs! 
Then, is mow ANALYSIS CERTIFIED! —assuring 
you the same consistent, best possible 
brazing results! 

Order trial packages now! You'll 
standardize on Westinghouse Brazing 
Materials tomorrow! J-22082-A 


you Caw BE SURE...1F iTS 


vature to fit the inside radius of the 
spark deflector, has been developed b) 
American Optical Co. Chief advantage 
is reduced pressure on fasteners, ce- 
creasing wear of fastener. 

For full information, write for Bro- 
chure S-2141A, American Optical Co., 
Safety-Sun Glass Division, Southbridge, 


Mass. 


Arc-Welding Data 


The Reid-Avery Co., Inc., has made 
available three new bulletins: AW 
100—‘Automatie Welding Wire for 
Submerged Arc Welding’; AH 200 
“Equipment for Automatic Welding”’; 
and 151—‘‘Low Hydrogen [ron Powder 
Electrodes.”’ Also available is 
sheet presenting the advantages of 
“Raco 6011” iron-powder electrodes. 

For your free bulletin, write on com- 
pany letterhead to Reid-Avery Co 
Inc., Dundalk, Baltimore 22, Md. 


a data 


Automotive Welding 


A 28-page “Special Automotive Is- 
sue” of Eutectic’s semi-monthly Tech- 
nical Information Digest is now avail- 
able free from Technical Information 
Service, Eutectic Welding Alloys Corp.., 
40-40 172nd St., Flushing 58, New York, 

Sections of the new manual treat 
body work, salvaging castings, repair 
of mechanical parts and salvaging or- 
naments and accessories. The trend to 
customizing in automotive shop work is 
discussed and special welding techniques 
provided. The manual features weld- 
ing techniques and procedures for metals 
such as aluminum and magnesium which 
are now more widely used in cars and 
trucks. 

When writing for your free copy from 
the above source, specify booklet TIS 
2822. 


Brazing Alloys 


A two-page Engineering Data Sheet 
in color (No. 16) covering specifications 
for the full range of Nicrobraz high- 
temperature brazing alloys is now 
available from Stainless 
Divison of Wall Colmonoy Corp., 
19345 John R St., Detroit 3, Mich. 


Processing 


new Westinghouse alloys), has been Eleven of the manufacturer's Ni- 


crobraz alloys are listed. For each is 
given nominal composition, solidus 
temperature, liquidus temperature, 
brazed-joint ductility, recommended 
brazing temperature and recommended 
atmospheres. A remarks column high- 
lights important features and recom- 
mended applications for each brazing 
alloy. 


Westinghouse 


A cuanysiaSs, This exclusive Westinghouse Seal | Select from the Westinghouse MOST COMPLETE 
vorantees’’ you the correct 


LINE OF BRAZING MATERIALS IN THE INDUSTRY! 
} 


Phos-Copper®), Phos-Silver #2, Phos-Silver*, Phos-Silver- 
6M, Phos-Silver-15. These round, extruded rods give approxi- 
mately 20% more feet per pound than square rods of the same 
diameter! (Same alloys also available in rod form, wire in 
coils, or rings.) 
Convenient packaging, 18” lengths, 1-Ib and 5-Ib POWER-UP with aad 
tubes. Standard 25-lb package, 36” lengths. 


ing materials! 
*Trade-Mark 
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Pipe Fabrication Tool 


Bulletin No. 57 of the Line-O-Tool 
Co., 1927 Bank of the Southwest. 
Houston 2, Tex., describes a new tool for 
use in fabrication of pipe, utilizing weld 
neck flanges or stub ends. Tool is in- 
serted into pipe and flange or stub end 
placed on projecting end. Few turns 


of the mandrel bring blades into contact 
with pipe and fitting ID’s. Three- 
blade design assures positive line-up of 
internal surfaces. Available for pipe 
sizes from 3 to 20 in. in 3 units: 3-4 in., 


6-10 in., 12-16-20 in. Blades are 
interchangeable for 6-20 in. sizes. 
Tool can also be used as a centering de- 
vice for grinding bevel on alloy tubing. 


Flash-Butt Welding 


The Taylor-Winfield Corp., Warren, 
Ohio, describes new hydraulic controls 
for use with flash-butt welding ma- 
chines on a wide variety of flash welder 
applications in their new Bulletin SP- 
tA. The bulletin, free on request, de- 
scribes manual, semiautomatic and fully 
automatic operation. Included are 
schematic drawings of control linkage 
and hydraulic circuits, and oseillographs 
of resulting upset speed 


Portable X-Ray Unit 


The Balteau Electric Corp., New and 
Meadow Sts., Stamford, Conn., an- 
nounees publication of literature de- 
scribing a 200-ky portable X-ray unit, 
known as Baltospot 200. According to 
the manufacturer, the unit will X-ray 
up to 3 in. of steel, whereas the total 
weight including handles is 85. |b. 
Contact the manufacturer at the above 
address for your free copy of the litera- 
ture, ‘“Baltospot 200.”’ 


Automated Welding 


A four-page, 8'/.- x 11-in., two-color 
folder which includes three designs and 
applications of unique automated weld- 
ing machines and automation machines 
and, according to the manufacturer, 
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how they solve specific problems and re- 
duce both part and equipment costs is 
now available from Expert Die & Tool 
Co., 17144 Mt. Elliott Ave., Detroit 
12, Mich. 

An automated welder that combines 
both assembly and welding operations 
is described in the illustrated folder. 

General purpose automated welding 
machines are also described. 


Nuclear Welding 


Welding for Nuclear Pumping Ap- 
plications, an 11-page illustrated re- 
port by F. R. Drahos, AWS, of the 
Byron Jackson Division of  Borg- 
Warner Corp., is now available without 
charge. This report summarizes a pres- 
entation made to the Tenth Western 
Metal Congress at Los Angeles in March. 

Welding requirements for nuclear 
service are outlined and 15. specific 
“do’s and don’ts” for nuclear welding 
are prescribed. Photographs and draw- 
ings illustrate various nuclear pump 
welding designs and welding setups 


The report is available from Byron 
Jackson Division, Borg-Warner Corp., 
P. O. Box 2017A, Terminal Annex, Los 
Angeles 54, Calif. 


Tungsten-Arc Welding 


The complete line of equipment de- 
signed for use in applications of Air Re- 
duction’s tungsten-are Heliweld process 
is illustrated in a new 20-page catalog 
now available. 

Catalog 2300, entitled “Heliweld 
Equipment” discusses the advantages 
of the Heliweld process and the factors 
which determine equipment selection 
It contains information on various types 
of manual, semiautomatic and automatic 
equipment, and on accessory devices 
such as the are starter, high-frequency 
oscillator, control panel and filler wire 
feeder. 

A copy of the catalog may be ob- 
tained by writing to Air Reduction 
Sales Co., a division of Air Reduction 
Co., Ine., 150 EF. 42nd St., New York 17, 


REVIEWS 


OF NEW BOOKS 


Manufacturing Processes 


Manufacturing Processes, 4th Edition, 
hard-bound book, 612 pages, copiously 
illustrated and indexed. Price $8.00. 
Authored by Myron L. Begeman, pro- 
fessor of mechanical engineering at the 
University of Texas. Published by 
John Wiley & Sons, Inc., 440 Fourth 
Ave., New York, N. Y. 

This latest edition of Prof. Begeman’s 
book contains 25 chapters, exch one 
devoted to a particular process in the 
structure of manufacturing. Chapter 
9 treats, in 43 pages, the part of welding 
in this structure, surveying the basic 
processes and terminologies available. 
The end of this chapter, as is the case 
with all chapters in the book, lists quite 
a few questions pertaining to the mate- 
rial, 

The 4th edition, less descriptive than 
previous editions, places greater stress 
on principles and materials. New top- 
ics discussed include electroforming, 
metal-coating processes, electro-spark 
and ultrasonic machining, chem-mill- 
ingand automation. There are 166 new 
illustrations, 89 of which are line dia- 
grams. In addition, the photographic 
illustrations have been revised to show 
modern equipment. 


New Literature 


Tool Design 


Tool Design, by Cyril Donaldson and 
George H. LeCain, 2nd Edition (1957). 
Price $6.75. 557 pages, 6 by 9 in 
Hard cover. Published by MeGraw- 
Hill Book Co., Inc., 330 West 42 Street 
New York, N. Y. 

This textbook was written at the 
Rochester Institute of Technology as 
part of its program for developing 
teaching materials which are practical 
in nature and closely related to the 
actual requirements of industry. 

Chapter 7, entitled ‘““‘Welding,”’ is 77 
pages in length and briefly describes the 
basic processes of welding and various 
types of flame processing. The major 
portion of the chapter is a comprehen- 
sive coverage of welding symbols. Ten 
questions and eight problems are listed 
toward the end of the chapter. 

An attempt is made in this text to 
broaden the bases of study as much as 
possible, and for this reason, topics that 
may be dealt with in other courses, 
such as springs, welding and tolerances, 
are included in so far as they apply to 
tool design. 

In this second edition the material on 
punches and dies, theory of cutting 
tools, jigs and fixtures and screw ma- 
chines has been rewritten and expanded. 
The section on tool materials has been 
revised, and a special table aids the 
beginner in choosing materials at the 
beginning of a design. 

The large number of questions, prob- 
lems, drawing assignments and _ refer- 
ences makes this book valuable for the 
classroom or for individual home study. 
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Aluminum Safety Hat 


The “Alumihat,”’ an aluminum safety 
hat, exceeds Federal Specifications for 
construction workers’ hats, including 
both impact resistance (drop ball test) 
and penetration strength (plumb bob 


test), passing all requirements except 
for insulation resistance, according to 
the manufacturer. 

The six-point suspension headgear is a 
soft and pliable unit, shock absorbent 
and comfortable. It is buttonholed 
inside the hat shell for easy removal 
The headband with marked 
hat sizes is the fastest and easiest to 
adjust. Chin straps and winter liners 
are available. 

For further information, write to 
Jackson Products (Air Reduction Sales 
Co., a division of Air Reduction Co., 
Inc.), 31739 Mound Road, Warren, 
Mich. 


clearly 


CO? Welding in All Positions 


All-position welding of mild steel with 
carbon-dioxide shielding gas Is now 
possible with the semiautomatic Filler- 
arc equipment for the 
electrode, gas-shielded welding process, 


consumable- 


according to an announcement by the 
General Electric Co.’s Welding Depart- 
ment 

No powdered flux of any kind is 
needed with this equipment. Accord- 
ing to the manufacturer, vertical and 
overhead welds can be made without 
difficulty. 

The use of bare filler wire and carbon- 
dioxide shielding gas simplifies operation 
and eliminates problems ordinarily re- 
lated to slag inclusion, flux removal and 
recovery, according to department engi- 
neers. Deposition rates are greatly in- 
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creased over conventional stick elec 
trode processes and other consumable 
electrode methods 

Fillerare 
reactor that controls current 
peaks when welding with carbon dioxide 
and mild steel length 
and constant voltage power sources art 


powel! include 


sources 
special 
Constant are 
available. The Fillerare wire drive unit 
can use wire as small as 0.035, which 
permits welding steel from « in. to 
several inches thick 

Additional information may be had by 
writing to General Electric Co., Schenee 


tady 5, N. Y 


Rectifier Welder 


Miller Electric Mfg. Co. Ine., Apple- 
ton, Wis 


type d-c welding power source for use in 


announces small rectifier- 

tungsten-are inert-gas welding. 
According to the manufacturer, the 

unit is particularly useful for welding 


light-gage metals. Known as the Mil- 
ler SR-10, its weight is 90 lb and its 
over-all dimensions are 14 x 22 x 15 in. 
Its initial impact is 15 amp with a down- 
ward range to 2.5 amp. Gas control 
valve and timer, 
equipment, provide for the use of a hand 


available as extra 


switch to initiate preflow of gas. 
For more information 
manufacturer at the above address 


write to the 


Flame-Cutting Nozzles 


The availability of two-piece nozzles 
for use in flame cutting has been an- 
nounced by Linde Co., Division of 
Carbide 
flame cutting with oxygen and fuel 


Union Corp. Designed for 


gases, each nozzle has Irom twelve to 
twenty small outlets for preheat gases, a 
feature the manufacturer claims will 
increase the rate of heat transfer and will 
produce a nearly solid ring of preheat 
flames. 

These Oxweld nozzles are said to have 
a speed of leaving the cutting nozzle 
of 1200 Ips compared to the conven- 
tional speed of 980 fps The two pieces 
consist of a brass internal section with 
finely grooved slots for preheat gases 
and a heat-resistant copper cover. 
write to the 
12nd St., New 


For more information 
above company at 30 E 


York 17, N. Y 


E10013 Electrode 


A heat-treatable all-position electrode 
for fabrication of chrome-moly steel 
ind other high-tensile alloy steels has 
been announced by Eutectic Welding 
Alloys Corp., 40-40 172nd St., Flushing, 
New York, N 2 

The electrode, EutecTrode 71 AC- 
DC, conforms to requirements of an 
1510013 electrode, and is designed for 
low-alloy steels of the 4130, 4140 and 
8630 grades. 

Specific end uses for EutecTrode 7] 
AC-DC inelude fabrication of tanks, 
containers and vessels for high-pressure 
work. Aireraft landing gear, ribbing, 
framework, piping and tubing requiring 
high-tensile strength are other applica- 
tions. 


continued on page S50) 
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This big draft frame assembly is a major component of Caterpillar Tractor 
Co.'s 55,000 Ib. capacity No. 470 Scraper. NCG welders, NCG automatic 
flame cutting machines and NCG gases are used in its fabrication. The 
scene here is at the Joliet plant. Caterpillar’s Peoria plant is also a user of 
NCG products ... has been for more than 20 years. 
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Sureweld® A-C SHOP WELDERS—For gen- Sureweld A-C INDUSTRIAL WELDERS— Sureweld D-C PORTABLE WELDER—Gas 
eral repair and light production work. 3 models. For heavy duty production welding. 10 driven welder for field welding and mainte- 
models. nance work. 


Bring 
welding 


NG 


Suvreweld D-C RECTIFIER WELDERS—For Sureweld INERT ARC WELDERS—For Svreweld A-C D-C WELDERS—For all arc- 
manual and automatic welding—tungsten or tungsten electrode inert-gas welding. 3 welding jobs—A-C or D-C of either polarity. 
metal electrode inert gas welding. 4 types, 15 types, 31 models. 6 models. 

models. 


Whatever the type you need, whatever the 
capacity, there’s a SUREWELD welder to do 


the job better. Each has superior features that 


When you work with 
metals...work with 


distinguish it from other makes . . . features ® 
you'll like, features your operators will like. 


Check the design, the construction, the per- 


No matter what the job .. . in cutting, welding, 
formance, the easy operation, the power con- brazing, or metal conditioning . .. NCG has the 


sumption. Get the facts today. Your NCG equipment, the experience and the organiza- 
tion to serve you better. 


dealer or nearest NCG office is ready to serve NATIONAL CYLINDER GAS COMPANY 


840 North Michigan Avenue, Chicago 11, Illinois 
you. Branches and dealers from coast to coast 


© 1957, National Cylinder Gas Company 
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Additional information may be ob- 


Positioned Welding 


Corp., Cleveland. 


Power supply for welding will be pro- 
vided by a Model 200065 Controlled 
Are Power Supply furnished by Metal 
Thermit Corp. 

For further information, write to 
Metal & Thermit Corp., 100 Park Ave., 
New York 17, N. Y. 


ned from the manufacturer at the 
address. 


\ new heavy-duty ram-type manipu- 


lator for automatic welding recently 
completed for a large West Coast fab- 


Plastic Safety Hat 


According to the manufacturer, the 
“Life Guard” all-plastic safety hat for 
electrical workers surpasses all Edison 
Institute requirements. It resists well 
over 20,000 volts. By passing 


itor is pictured under test at the 
nt of C. B. Herrick Manufacturing 


also 


( 
the 


var 
360 


cy li 


jJustment range of from 3 to IS ft. with 


welding head will enter a 24-in. diam 


NEAREST D 


fF welded construction throughout, 


unit has a motorized vertical-ad- 


iable-speed ram travel of 20 ft, and 


rotation on the carriage. The 


nder. 


bucket teeth 
Wearing foo fast? 


TM. REG U.S. PAT. OFF 


11% — 
MANGANESE -NICKEL STEEL 


> WEDGE BARS 


minimize impact 
& abrasive wear! 


®@ Workhardens to 550 Brinell 

* Practically eliminate build-up welding 

© Put buckets back on the job with max- 
imum efficiency. 


= - 
TU LES CO. 


NEW JERSEY 


ON REQUEST 


New Products 


Federal Specification tests for construc- 
tion workers’ hats, it offers superio: 
safety margins to workers in both trades 

The comfortable headgear 
strength and flexibility to cushion im- 
pact, and a soft sweatband all around. 
The headband instantly adjusts to 
marked hat sizes 64/2 through 

A hat and cap are offered, both 
white, yellow and grey. Non-metalli: 
chin straps and winter liners are avail- 
able. 

For further information, write tc 
Jackson Products (Air Reduction Sales 
Co., a division of Air Reduction Co 
Inc.), 31739 Mound Road, Warre: 
Mich, 


has 


Zirconium Fittings 


What are believed to be the first 
welding fittings of zirconium and Zir- 
caloy 2 have forged by Tub 
Turns, Louisville, Ky., a division ot 


been 


National Cylinder Gas Co 
designed for a nuclear energy 
tion. 

The fittings have an outside diamete: 
of 1.5 in. and a 0.065-in. wall. 

According to the manufacturer, |s}- 
oratory tests and field experience show 
that these materials have a combinatio: 
of desirable properties, and that the 
ean effect important economies when 
properly applied. In addition to pro- 
viding excellent resistance against th 
attack of a wide variety of corrodents 
they have a very thermal 
section (0.18 Barns), and possess rel:- 
tively good strength up to moderate! 
high temperatures 

For additional information, write t: 
Tube Turns, 224 Eh. Broadway 
ville 1, Ky. 


They were 


low 


Louis- 


Coating Compound 


Glyptal coating compound in 16-02 
pressure packs, sufficient to give cor- 
rosion protection to more than 85 sq 
ft of surface, is being marketed by the 
General Electric Co.’s Welding Depart- 
ment. 

Pressure pack application is faste 
than by brush painting and is more 
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TYPE 304 STAINLESS STEEL TROUGH 


(% 


Thick) 


HERE iS THE WELD 


WATER INLET 


WATER OUTLET 


MILD STEEL SHELL (%" Thick) 


No special equipment... No special training for the weldor 


Inco-Rod “A” joins dissimilar alloys 
with strong, sound welds 


Inco-Rod “A” - 
Whether you weld ferritic 
alloy or mild steels, high nickel, copper nickel or other alloys, 
you'll find that Inco-Rod “A” electrode gives strong. ductile 


Here’s another example of how Inco-Rod “A”* electrode 
turns difficult dissimilar alloy welds into routine jobs. 


A new drag conveyor at International Minerals and 
Chemical Corporation’s Carlsbad plant consists of a 304 
stainless steel trough and an outer mild steel shell. Each of 
its eight 5-foot sections was fabricated by welding trough 
and shell to mild steel bar. For the critical weld between the 
stainless and the mild steel, Inco-Rod “A” electrode was used. 


Only standard equipment was required, and no new weld- 
ing techniques had to be learned. Inco-Rod “A” electrode 
handled easily and produced strong, sound, crack-free joints. 


Two alternatives to using Inco-Rod “A” electrode were 
considered and both rejected as they would be likely to pro- 
duce crack sensitive welds. 


Joint trouble with dissimilar alloys? Then why not try 


INCO-ROD “A” electrode is supplied in four diameters: 3/32-, 
1/8-, 5/32-, and 3/16-inch . . . packed in 5-lb. containers. 


iXco. Welding Products 


electrodes, wires, fluxes 


1957 


the electrode with the green flux coating. 
or austenitic stainless steels, low 


welds ... of X-ray quality. What’s more, the corrosion resis- 


tance of the weld deposit in most cases will be equivalent to 


or better than either of the alloys being welded. 


Easily-handled Inco-Rod “A” electrode can be used in all 


positions ... gives a spray-type arc and easy slag removal. 


More facts and figures on using Inco-Rod “A” electrode in 
dissimilar alloy welding are given in Inco’s new folder “Inco- 
Rod ‘A’ Electrode.” For your copy, write: 


* Trademark of The Internat a! Nicke 


THE INTERNATIONAL NICKEL COMPANY, INC. 
67 Wall Street New York 5, N. Y. 
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economical, since it produces a narrow 
spray pattern ideal for a welded joint, 
according to company engineers. The 
thin coating dries more rapidly and is 
easy to apply in corners and difficult 
angles. 

The Glyptal coating compound is a 
clear synthetic varnish. Primary appli- 
cations of Glyptal coating compound: 
protection against corrosion and oxida- 
tion of metal pieces being stored before 
finish painting; anti-spatter compound; 
primer for finish paint on metal surfaces. 

The coating compound does not have 
to be removed before welding. Because 
of its properties, spatter cannot stick 
or weld to a surface with this coating. 
After welding, the burned area can be 
recovered very quickly by pressure pack 
application. 

Additional details can be obtained by 
writing to General Electric, Schenec- 


tady 5, N. Y. 


Magnaflux Powder Blower 


A portable unit is now available for 
the proper application of dry Magna- 
flux powder. The No. 58600 Powder 
Blower operates directly from any air 
line and requires only 20 psi. A simple 


adjustment controls the density of the 


cloud of powder, and two push buttons 
permit selection of either powder or 
clean air. By holding the gun level and 
at a distance from the area being tested, 
the particles flood the area, showing 
indications when cracks are present. 

According to the manufacturer, this 
blower is compact and weighs 2'), Ib 
when empty. It is simple to operate 
and has advantages over the shaker- 
tvpe powder bulbs in that it is faster, 
covers a wider area and distributes the 
magnetic particles evenly. 

For further information on the No. 
58600 Powder Blower, write Magnaflux 
Corp., 7300 W. Lawrence Ave., Chicago 
31, Ill. 


New Regulator Series 


A new series of regulators for various 
compressed gases is undergoing final 
testing at K-G Equipment Co., Allen- 
town, Pa. 

According to the manufacturer, these 
regulators have been developed by the 
Company’s engineering department to 
combine economy and simplicity with 


852 


rugged performance characteristics. 
They are designed for medium to light 
industrial applications and to meet the 
full requirements for all compressed 
yas control applications in the home 
hobbyist, automotive, farm and repair 
shop fields. The series is slated for 
release in August. 


Welding Transformers 


Three new transformers have been 
added te the line of precision welding 
equipment made by Raytheon Manu- 
facturing Co., Commercial Equipment 
Division, Waltham, Mass. Rated at 
4, 3 and 5 kva, the transformers are 


specifically designed and built for use 
with Raytheon Thyratron Contactors 
The new transformers increase welding 
rates and assure more uniformity in 
production, according to the manufac- 
turer. Design features include over- 
size cores for maximum heat dissipa- 
tion: and careful distribution of copper 
between primary and secondary to 
minimize losses 

When combined with a Thyratron 
contactor and a Raytheon welding con- 
trol a high-performance, high-speed 
production a-c system for welding 
such components as vacuum tubes, re- 
lays, precision instruments, contacts, 
ete., is set up. 


C-Clamp 


The latest development in the Grand 
Clampmaster C-Clamp is ratchet 
screw that instantly positions clamp 


screw and releases it with a trigger 
action. 


Cuts job time by eliminating 


New Products 


tedious turning. Alloy steel construc- 
tion gives added strength and permits 
a throat depth up to 6 in. Screw, 
handle and swivel are copper plated for 
protection against welding spatter and 
rustproofed with baked ename! finish. 

For further information write Grand 
Specialties Co.. 3101 W. Grand Ave., 
Chicago 22, 


Automatic Welding 


Welduction Corp. announces — the 


availability of an automatic welding 
unit for both shielded-inert-gas metallic 
are and tungsten-are welding and also 
submerged-are welding. 

According to the manufacturer, the 


\ 


unit features a radial arm to increase 


machine produetivity through the use 
of multiple-station, precision positioners 
The complete unit contains carriage and 
column 16 ft high; heavy-duty auto- 
matic precision positioners; single cen- 
tral-control console, including plumbing 


panel for air, gas and water control; ani 
shielded-inert-gas welding heads. The 
manufacturer can supply all, or any 
portion, of these components. 

For more information, write to the 
company ¢/0 10230 Capital Ave., De- 
troit 37, Mich. 


Headgear for Helmets 


Chicago Eye Shield Co. announces « 
new CESCO GI-R Headgear for helmets 
and face shields. This is a tough plasti 
headgear which permits easy and com- 


fortable fitting, according to manu- 
facturer. It adjusts to the required 


head size by a mere turn or two of th 
adjusting ratchet. 

The new headgear is now available on 
all CESCO welding helmets and fac 
shields. 
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YOU ARE, IF 
YOU SCRAP / 
SPILLED AND 
FUSED FLUX!|> 


When you discard spilled and fused flux, 
you’re throwing profits to the wind. A large 
automotive plant solved this problem by in- 
stalling the Simplicity Flux Reclaim Unit, and 
saving $5,000 a month salvaging used flux. 


Sound good? It should, if your plant is 

equipped with submerged arc welders. The , 
Simplicity Flux Reclaimer is designed to crush 

used flux, remove metal particles, dust and 


fines, and give you refined flux ready for 


re-use. Mixed in proper ratio with new flux 


(depending upon type of work) welds are ° 


obtained equal to those made with new flux. 


Equipped with a two surface vibrating feed- 
er, bucket elevator, double deck vibrating 


screen, 15” x 9” crusher and two magnetic- 


pulleys, the Simplicity Flux Reclaimer will 


more than pay its own way. 


Complete installation drawings and prices of 
these SIMPLICITY units may be had by writing 
directly to the factory . . . a logical first step 


in determining ALL the money-saving possi- 


bilities these machines may hold for you. 


View of 12” x 4'9” two surface oscillating 
feeder, showing side discharge for removing 
scrap, metal particles and other foreign 
objects. 


SALES REPRESENTATIVES IN ALL 
PARTS OF THE U.S.A. 

FOR CANADA: Simplicity Materials 
Handling Limited, Guelph, Ontario 
FOR EXPORT: Brown and Sites, 

50 Church Street, New York 7, N. Y 


TRADE ARK REGISTERED 


mplicity 


ENGINEERING COMPANY * DURAND 23, MICHIGAN 
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Roll-Planishing Machine 


A new automatic roll-planishing ma- 
chine for smoothening or flattening 
welds is announced by Airline Welding 
and Kngineering, 785 N. Prairie Ave., 


& 


m 


Hawthorne, Calif. 
According to manufacturer, 
matic loading and unloading features 


auto- 


make it possible to smoothen a weld of 
substantial build-up in 10 see. 

For more details, write directly to 
company at the above address. 


Eye Drops for Eye Flash 


The Carhoff Co., Cleveland, Ohio, 
announces the availability of *‘Welder’s 
Pal” eye drops for the relief of the ef- 
locts of keratitis (eye irritation from ex- 
posure to are radiation or intense light) 


Liquid drops spread readily over the 
cornea and produce a soothing and cool- 
ing effect to inflamed or gritty eves. 

For literature and information write 
to Carhoff Co., 11706 Kinsman Ave., 
Cleveland 20, Ohio 


Interchangeable Tips 


Bethlehem Apparatus Co., Inc., Hel- 
lertown, Pa., has announced the intro- 
duction of a torch with three inter- 


changeable tips for applications in the 
glass and metalworking fields. Accord- 
ing to the manufacturer, the tip can be 
changed simply by squeezing the 
handles and forcing the tip to drop out. 
A new tip can then be placed between 
the prongs and tilted freely to any angle. 
The torch itself is 13'/2 in. long, 10 oz in 
weight for the holder plus '/2 oz for the 
small burner head, | oz for the medium- 
sized head and 1'/, oz for the large 
head. For further details write to the 
manufacturer. 


Aluminum Welding Rod 


The development of Eutec Rod 999FC, 
an aluminum alloy with an extruded 
coating, has been announced by the 
Kutectic Welding Alloy Corp., Flushing 
58, New York, N. Y. 

According to the manufacturer, the 
alloy provides for an approximate 
bonding temperature of 1050° F and is 
applicable where joint design is not 
critical. 

For further information, write to the 
above address ¢o Technical Informa- 
tion Service. 


Gas Expander Unit 


The H.LG. Corp., 7843 8. Claremont 
Ave., Chieago 20, IIL, announce the 
availability of their GasXpandr_ unit. 
This unit is intended for use in inert-gas 
metal-are and tungsten-are welding 
whereby the normal requirements of 
inert gases are reduced by the expansion 
of such gases in operation. The Gas- 
Xpandr is a supplementary unit which 
can be used on manual or mechanical 
torches that is 1’/. x 4 in. and weighs 
less than 10 oz. The heating element 
is capable of 1200° F and is water-cooled 
making the outer surface safe. The 
heating element operates on 110 v, ac or 
de. According to manufacturer, with 
the attachment of the GasXpandr to 
the welding equipment, there is no 
alteration whatsoever to the regular 
method of operation, but there is a 
surprising reduction of gas consumption 
from that normally used. 

Additional information may be had 
by writing to H.I.G. at above address. 


Index Welding Machine 


A new high-production, 5-station, 
rotary index welding machine that 
utilizes automation methods to com- 
bine assembly and CO.—shielded-are- 
welding operations is now available 
from Expert Welding Machine Co., 
17144 Mt. Elliott Ave., Detroit 12, 
Mich. 

The model illustrated press assembles 
and contour welds flat circular plates 


New Products 


to the inside of cylindrical parts at a 
rate of 500 finished assemblies per 
hour. The machine is adaptable to 
parts up to 5 in. in diameter that re 
quire press-type assembly and circular 
weld joining. 

The machine consists of a cast hollow 
aluminum 5-station index table, tw: 
spring collet fixtures per station, an air- 
operated assembly press, two welding 
% unique part 
inside the 


unloading 
index 


heads and 
mechanism 
table. 

For complete information, write di 
rectly to the manufacturer at above 
address. 


located 


CO, Automatic Welder 


An automatic truck drive tube CO 
welding machine of marked flexibility 
has been designed and built by Dix 
Engineering Co., Inc., (Detroit) Lineoln 
Park, Mich. 

The new machine was custom made 
for a leading motor truck manufacturer 
Its design met the customer’s problem 
of speeding the welding operations on the 
drive shafts for their trucks 


In the course of the machine’s opera- 
tion the universal joint assembly is 
welded to the drive tube at one end with 
a continuous weld bead around the 
diameter. At the same time the driving 
splined shaft is welded into the drive 
tube at the other end. 

For complete details, write directly 
to Dix Engineering Co. Inc., Lincoln 
Park, Michigan. 
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Constantly and completely covered with abrasive 
muck. This equipment, deep in the mine, gathers 
and transports ore at the digging sites. Parts were 
hard-faced right on the job—almost 600 ft. below 
the earth’s surface—with HAYNES STELLITE alloy 
No. 6 rod. 


‘Haynes,’ “Haynes Steliite”’ and “Union Carbide” are registered trade-m: 
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NO MAINTENANCE 
FOR y, YEARS 


Trouble-free mining operation in 
abrasive muck with HAYNES Alloy 


Chics bearings and rollers couldn’t take this pun- 
ishment and lasted about 3 weeks. But when these rollers 
were built-up and hard-faced with HAYNES STELLITE 
alloy No. 6, service life was extended to years instead of 
weeks! 

Whether your equipment handles rock, sludge, or acid 
—where there’s a serious wear or corrosion problem, 
you will find that a HAYNES alloy 
reduce maintenance and replacement 
costs. For complete information about 
hard-facing, write for the Hard-Facing 
Manual. Address HAYNES STELLITE 
COMPANY, Division of Union Carbide 
Corporation, Kokomo, Indiana. 


ALLOYS 


HAYNES STELLITE COMPANY 
Division of Union Carbide Corporation 
Kokomo, Indiana 


UNION 
SARBID 


irks of Union Carbide Corporation. 
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HAYNES Alloys sol 
oys solve the tough wear problems 
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Soldering Equipment 


An automatic soldering machine has 
Castle Machines, 
The basic machine 


been developed by 
Inc., of Erie, Pa. 

is said to be a new concept in feeding 
solder automatically through magazines 
to preheated parts for solder fabrication, 


The timing mechanism operates and 
flame and the exact 
amount of solder in) connection with 
an index table. It localizes the heat at 


the point of fabrication in the same 


regulates the 


manner as it would be done manually, 
thereby, accomplishing high quality 
soldering at a greatly increased produc- 
tion rate. 
The newly 
reported to work ejually well with all 


developed eyuipment is 


known forms of soldering and all types 
of metals. The ejuipment is designed 
for one operator, and has been named 
Braze-O-Matic 

kor complete details write to manu- 
facturer at above address, Department 


POLIO REHABILITATION 
NEUROMUSCULAR 
* 
Sister Elizabeth 
KENNY 
Foundation 
National Headquarters « Minneapolis, Minn. 


Sob 


Pipe-Cutting Machine 


The “Mechanical Draftsman,’ de- 
veloped by Steffan Engineering, Salem, 
Ohio, is an oxygen-flame pipe-cutting 
machine which automatically generates, 


cuts, bevels and properly contours 


pipe joints for any given angle of inter- 
section 


without cams, patterns or 


templates—and with mathematical pre- 
cision—according to its manufacturer. 

The “Mechanical Draftsman”’ is said 
to require only that three simple settings 
be made by the operator—on easily 
adjusted scales—to conform to the ID 
of the pipe being cut, the OD of the pipe 
being intersected, and the angle of 
intersection, 

Two models handle pipe diameters up 
to 24 in. in any wall thickness. Com- 
plete details may be had by writing to 
Steffan Engineering at above address. 


Hard-Surfacing Machine 


A fully automatic machine for hard 
surfacing disks, plow grader 
blades and similar thin-sectioned parts 
is now in production by L and B 
Welding Equipment, Inc., of Berkeley, 
Calif. 

Designated the “Optiflame’’ Model 
1D), the machine uses a light-temperature 
response svstem for automatically con- 
trolled preheat, weld heat and postheat. 
Hard-surfacing wire is fed with posi- 
tive pressure against the workpiece 
through oscillating feeder which 
“wipes” the rod against the work to 
break up seale and oxides, and to keep 
the puddle clean. Its action assures 
top-quality 


shares, 


uniformly deposits of all 


New Products 


popular alloys, including tungsten cat 
bides. Stick electrodes may also lx 
used. 

Literature and complete data can 
be obtained from Stoody distributors 
or from the manufacturer—L & B 
Welding Equipment, Inc., 2424 Sixth 
St., Berkeley 2, Calif. 


Arc Welders 


Power Are Corp., Peoria, HL, has 
introduced a line of small, compact, 
portable welders intended for general! 
maintenance and repair work. 

The model 200A delivers 200 amp 
on 230 volt lines and ISO amp on 115 or 
208 volt lines. Weighing just 65 Ib, it 


has a maximum 25-volt output which 
permits contact or arc welding, giving 
excellent penetration. 

A larger machine, the model 400A, 
works on 440 or 230 volt lines. 

Additional information can be ob- 
tained by writing Power Are Corp., 
3516 N. Adams Street, Peoria, Ill. 


Flux Dip Brazing 


Flux dip brazing, a new technique 
for joining complex, multijoint alumi- 
num assemblies in one operation, is now 
available through Waveline, Ine., of 
Caldwell, N. J., according to an an- 
nouncement by the manufacturer. 


This process eliminates the many draw- 


backs of hand brazing and assures high- 
volume, low-cost production. Flux dip 
brazing can be used for brazing wave- 
guides, antennas, chassis and microwave 
Additional — information 
may be obtained by writing to Wave- 


line, Inc., Caldwell, N. J. 


assemblies. 
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Transducer (sensing 
head) is actuated by 
presence of magnetic 
materials overa 
wide range of sizes, 
shapes, weights, 
roughness, speeds 


No moving parts. 
No metal-to- metal 
contact required for 
operation 


Sensitivity up to 1 inch 
Can be mounted in any 
position. Not affected 
by vibration 


Non-magnetic material 
between the part and 
transducer does not af- 
fect operation 


Small size x 6”) 
Fits into tight spots 


e Here’s an entirely new concept 
in industrial limit switches! We've 
named it the PROXIMITY LIMIT 
SWITCH because it is actuated by 
the nearness of ferrous parts or mate- 
rials. Since its operation requires no 
physical contact, it has unlimited ap- 
plications in places where the use of 
conventional limit switches is either 
impractical or impossible! Its range of 


application is broadened, too, be- 
cause the transducer (sensing head) 
is not affected by vibration or by the 
presence of non-magnetic material. 
In paint spray systems, on produc- 
tion line presses, multiple process 
machines, heavy automation equip- 
ment—there are literally scores of 
places where this amazing new PROX- 
IMITY SWITCH will do the job better! 


ASK YOUR SQUARE D FIELD ENGINEER FOR A DEMONSTRATION. OR WRITE 
FOR PROXIMITY LIMIT SWITCH BULLETIN. ADDRESS SQUARE D COMPANY, 
4041 NORTH RICHARDS STREET, MILWAUKEE 12, WISCONSIN 


NOW...EC&M propucts ARE A PART OF THE SQUARE D LINE! 


‘SQUARE J) COMPA 
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The Welding Journal is the 
world’s most authoritative 
welding and allied process 
magazine; it has fully 215 
times the editorial content of 
any competing magazine; 
if is unequalled in coverage of 
welding engineering, research 
and application. If vou 


hare a product for the welding 


or allied industries, the 


Journal's peqes will reach 


vour markei! 


Inert-Arc Welding 
of Magnesium 


The Lite-Line Metal Industries Di- 
vision of Copperloy Corp., Cleveland, 
Ohio, has announced a welding method 
which reportedly permits automatic, 
continuous welding of magnesium, using 
the shielded-inert-arc, consumable-elec- 


trode process. This process employs a 
small diameter coiled wire as both 
filler metal and electrode. 

The manufacturer states the fre- 
quency of “burn-back’’ has resulted in 
the development of a device, patented 
by Lite-Line, which permits continuous 
welds up to 30 ft in length on magne- 
sium. This method increases the speed 
of magnesium welding by four to six 
times over the conventional, manual 
method. 

For more information, write to the 
manufacturer at 4103 Brookpark Road, 
Cleveland 29, Ohio. 


Spot-Welding Gun 


The Tec Torch Co., Ine., 300 Pat- 
erson Ave., Carlstadt, N. J., announces 
the development of their “‘Tee Spot 
Gun,” a feature of which is its utiliza- 
tion of the tungsten-are inert-gas weld- 
ing process with high-frequency initia- 
tion. 


The manufacturer states that in ad- 
dition to being used with power sources 
having built-in ‘“‘spot-gun’’ controls, 
the “Tec Spot Gun” introduces the use 
of a second welding timer, selection of 
which is built into the gun itself. This 
additional timer gives the operator a 
selection of weld-depth penetration of 
any two joint applications in one pro- 
duction line without returning to the 


New Products 


power source for readjustments. 
For more information, write to the 
manufacturer at the above address. 


Tractor-Grouser Retreads 


A new line of tractor-grouser retreads 
for rebuilding the grouser shoes of track- 
laying or crawler-type equipment has 
been announced by Allied Steel « 


Tractor Products, Inc., 7835 Broad- 
way, Cleveland 5, Ohio. 

According to the manufacturer, Bull- 
dog Tractor Grip-Lugs have a specially- 
designed shape, with an engineered 
groove and bevel, that permits welding 
application much faster and cheaper 
than using original parts. Inexpensive 
AWS E6016 or E7016 low-hydrogen 
electrodes can be used. 

More information may be obtained 
by writing the manufacturer at the 
above address. 


Synthetic Shields 


American Optical Co. announces 
new aluminized-plastic cover plate fo. 
welding helmets, and a new aluminized- 


cellulose-acetate face-shield window, fo1 
protection against radiant heat. Aec- 
cording to the manufacturer, windows 
enable workers to work longer and with 
greater efficiency on furnace operations, 
melting, forging and metal pouring 
Plates are exceptional for  inert-gas 
shielded are welding. Both are treated 
with an evaporated aluminized coating, 
which reflects more than 70°% of radiant 
heat normally reaching the worker's 
face. 

For full information, write for Bro- 
chure S-6310, American Optical Co., 
Safety Products Division, Southbridge, 
Mass. 
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HARRIS propane cutting unit 


OFFERS GREATER DIVIDENDS 


THE torch designed specifically for | LP GAS 


Harris model 62-2F torches have a specially designed mixer 
which ensures complete mixture of the propane and oxygen. Tips 
are designed especially for propane. This combination results in 
faster preheating; eliminates wasting oxygen. 

Harris “L” type regulators permit setting the pressures as 
required for maximum economy and safety, with removable 
adjusting keys. 


>K CHECK THESE OUTSTANDING FEATURES! 


Fuel cost reduced up to 90% 

Faster, easier cutting on rusty or scaly surface 
Withstands abuse in tough cutting operations 
“Automatic” flame adjustment 

Outstanding ability to preheat quickly 
Longer tip life 


COMPLETE PROPANE CUTTING UNIT, 62-2F/L-92 
62-2F 90° (or 62-2AF 70° head) cutting torch 
LX-92-SC lock type oxygen regulator 
L-92-SC-P lock type propane regulator 
6290-NFF extra fast preheat cutting tips available in sizes 
from OOO-NFF to 6-NFF 


Similar equipment available for natural gas. Information on request. 


HARRIS CALORIFIC Co. 


5501 CASS AVE.*¢ CLEVELAND 2, OHIO 
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FOR ALL HEAT-DEPENDENT 
OPERATIONS 


Available in 
these Temperatures (F.) 


Sixty-three different compositions enable you to determine 
and control working temperatures from 113° to 2000° F. Ll 4 — 

TEMPILSTIK® marks on workpiece “say when” by 
melting at stated temperatures — plus or minus 1%. 
ALSO AVAILABLE IN LIQUID AND PELLET FORM . . . WRITE 


*‘*WELDING SALES’*® DEPT. FOR SAMPLE TEMPIL® 
PELLETS . . . STATE TEMPERATURES OF INTEREST—PLEASE! 


agO 
Tempil corporation 132 WEST 22ND STREET, YORK 11,N. Y. 


Linde Company, A Division of Union Carbide Cor- 
poration 

PR. Mallory & Co., Inc 
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Piping that helps 


AIR CONDITIONING 
PAY OFF 


@ Air conditioning has become a giant 
industry because it provides valuable aser 
benefits...more customers, increased work- 
ing efficiency, greater profit. 

Tube Turns is proud to be associated 
with this growing business, giving it 
assistance in piping engineering and sup- 
plying the top-quality, welded- piping 
fittings essential for dependable air condi- 
tioning systems. 

More than | 2,000 TUBE-TURN* products 
are available from your nearby Tube 
Turns’ Distributor for a// your needs in 
welded piping of a// kinds. 


AIR CONDITIONED. Buildings alone for the 
new Garden State Plaza Shopping Center at 
Paramus, N. J., cover 10 acres. Two 2250-ton com- 
pressors provide for the air conditioning system. 
All welded piping with TUBE-TURN fittings ranges 
from 14" to 18° diameter. Architect-Engineer: 
Abbott, Merkt & Co.; General Contractor: Joseph 
L. Muscarelle; Mechanical Contractor: Frank A. 
McBride Co. 


jew between the two 
250-ton compressors at 
arden State Plaza. 


*“TUBE-TURN"” and “tt” 
Reg. U.S. Pat. Off. 


The leading Monutfacturer of Welding Fittinas ond F 


4 q KENTUCKY 


WHY IT 


A Division of National Cylinder Gas Company 
DISTRICT OFFICES: New York Philadelphia Pittsburgh Chicago Detroit Atlanta New Orleans Houston Midland 
Dallas « Tulsa « Kansas City * Denver + Los Angeles + San Francisco + Seattle 


In Caneda: Tube Turns of Canodo, Ltd., Ridgetown, Ontario Toronto, Ontario Edmonton, Alberta 


| 


FOR SOUND ENGINEERING. You can specify 
TuUBE-TURN® Fittings and Flanges and knou 
you'll get the right product, without compromise. 
For example, you can get TUBE-TURN wrought 
iron fittings such as used for these condenser water 
lines in State Capitol Building, Harrisburg, Pa. 
Contractors: Riggs Distler & Co., Inc. 


CUT RED TAPE. Tube Turns’ line includes 
more than 12,000 standard welding fittings and 
flanges. All are available promptly from your 
nearby Tube Turns’ Distributor. You can fill all 
your needs with one order to save purchasing 
manhours. Photo courtesy McJunkin Corporation, 


Charleston, W. Va. 


Mail the coupon fer your free copy, 


TUBE TURNS, Dept. O-5 


224 East Broadway, Lovisville 1, Kentucky 


Company Name 

Company Address 

City Zone State 
Your Nam 


Position 


HELPFUL DATA—this new Tube Turns’ booklet gives 
helpful informotion on pipe, fitting and flange materials. 


ELIMINATES GUESSWORK. Workers 


know they are getting the proper fittings as 
called for on the blueprint because TUBE- 
TURN fittings are completely and perma- 
nently identified as to dimensions, schedule 
and material. 


Why it pays to specify TUBE;TURN Fittings for 
CONDITIONING PIPING 


FASTER INSTALLATION. Rigid inspec- 
tion and quality control insure absolute 
uniformity of TUBE-TURN products...as to 
size, circularity and wall thickness. Above: 
Cooling tower for Bergen-Mall Shopping 
Center, Paramus, N. J. Photos courtesy Frank 
A. McBride, Paterson, N. J., mechanical 
contractors. 


Available now from your nearby TUBE TURNS ' Distributor 


DISTRICT OFFICES: 


New York Dalles 
Philadelphia Midland 
Pittsburgh Tulsa 
Chicago Kansas City 
Detroit Denver 
Atlanta Los Angeles 
New Orleans San Francisco 
Houston Seattle 


In Canada: Tube Turns of Canada 
Limited, Ridgetown, Ontario + 
Toronto, Ont.* Edmonton, Alberta 


and “tt” 
Reg. U.S. Pat. Off. 


TUBE TURNS 


LOUISVILLE 1, KENTUCKY 
A DIVISION OF NATIONAL CYLINDER GAS COMPANY 
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SUPPLEMENT TO THE WELDING JOURNAL AUGUST, 1957 


CORROSION RESISTANCE OF NO. 20 AND 
NO. 20Cb STAINLESS-STEEL WELDS 


Test program indicates that No. 20Cb weld metal is 
subject to less severe intergranular corrosive attack than the No. 20. 


particularly in the as-welded and the sensitized conditions 


BY HALLOCK C. CAMPBELL, THOMAS J. MOORE AND S. E. TYSON 


ABSTRACT. Severe tests which were de- Many applications such as heat ex- grade by means Of corrosion tests 


signed to investigate the eee changers and tanks require welded con- This paper briefly reviews the crack 
corrosion behavior of No. 20 and No : 
S0f%; welds in several conditions of heat struction to avoid crevice corrosion -ensitivity tests and in the body of the 
treatment have shown that the No. 20Cb Since most fabricated equipment cannot report covers the work our companies 
inalysis is less subject. to intergranular be subsequently annealed, plate, sheet, have performed to illustrate the com- 
strip pipe and tubing ure made olou parative corrosion behavior of No. 20 
analyses become highly susceptible to columbium-stabilized variation, stain- and No. 20Cb welds. It was decided to 
intergranular corrosive attack after ex- less No. 20Cb, to minimize the possi- emphasize the difference between the 
posure to 1350° F for only two minutes bility of intergranular corrosion. This illovs by choosing severe corrodents as 
F alloy is described in ASME Code Case well as the sulfurie acid to which these 
by a water quench LISS. materials might be exposed in service 
The No. 20Cb base metal should be lectrodes for metallic-arc welding are {lso several post welding heat treat- 
ag with No. 20Cb electrodes, and the ivailable in both No. 20 and No. 20Cb ments were employed in order to 
grades. The cracking tendencies of emphasize any difference in the corro- 
may be used. When there is danger of! these two compositions differ somewhat sion resistance of these alloys 
weld cracking, No. 20 electrodes should be it is generally recognized that colum- 


Weld-Cracking Investigation 
of eracking, a number 


used, but the vessel must be heat treated bium additions to austenitie-stamless- 
te f sive service 1 “or 
) prepare 1 for corrosive servict steel electrodes promote weld eracking | or the st 1d\ 


under conditions of severe restraint of tests were undertaken using several 


Introduction such as are encountered in the foundry electrode sizes and stainless No. 20Cb 

The wrought, super corrosion-resistant industry. For casting repair work, No base material. The design of the cireu- 

stainless steel whose welding is the sub- 20 electrodes can be emploved with no lar-groove specimen used in these tests 

ject of this report was developed in 1948. danger of sensitized weld metal if the is shown in Fig. 1. Results of the 

It contains nickel, chromium, copper entire weldment is properly annealed cracking tests may be summarized by 

and molybdenum and is known as stain- after welding. However, No. 20Cb the typical values listed below for ®/3:-in. 

less No. 20. Previously available only electrodes have been used elsewhere diam electrodes 

in cast form, this alloy exhibits excellent under adverse conditions, and the indus- 

corrosion resistance, especialls to hot trv reports ot weld cracking were sufth- Typical Results from Circular-Groove 

sulfuric acid and most organic acids. — It ciently annoying to prompt an investi- Cracking Tests 

has found wide use in all phases of the gation of weld-metal cracking  tend- lypeo Vo. of Average Cracking 

hemical industry encies electrode { Bead Crater Total 
Our crack-sensitivity tests showed No. 20 0 5 6 5 6 

Hallock C. Campbell is Director of Research and that col , additions tend t “~)< = : 99 

Arece Cor hat luml lum add tion te nd to pro No. 20C1 i4 22 | 

Philadelphia, Pa.; S. E. Tyson is Metallurgist mote cracking Accordingly, additional 

“he Cz er Steel Co tear P 

ss <icsapiagsions Reema ; studies were undertaken to investigate Since the extent of crater cracking 1s 

n Philadelphia, Pa., April 8-12 the need for the columbium-bearing largely a function of the manner in 
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SECTION A-A 


Fig. 1 Circular-groove crack-sensi- 
tivity test specimen used to compare 
No. 20 and No. 20Cb weld deposits 


which the are is broken, the actual 
numerical values of crater cracking are 
not overly significant, although it has 
been the practice to carefully measure 
all cracking in this test. 

The greatest significance of the above 
data lies in the fact that no bead crack- 
ing was discovered for the No. 20 weld 
metal, while an average of 14°) bead 
cracking resulted when  columbium 
additions were made. These results 
indicate that columbium tends to be a 
crack promoter for this weld-metal 
composition, 


Corrosion-Test Procedures 

Chemical analyses of the No. 20 and 
No. 20Cb undiluted weld metals were 
obtained using the practices reecom- 
mended in the AWS-ASTM A298—55T 
specification. The analyses are listed in 
Table 1. 

All-weld-metal corrosion specimens 
were prepared in accordance with AWS- 
ASTM. specification A298-55T, appen- 
dix, part IV, using a Type 304L base 
plate. The electrodes which were em- 
ployed in preparing the No. 20 and No. 
-in. diam. <A 


short are was maintained during welding 


20Cb weld pads were 


using 115 amp de and reverse polarity. 
The pads from which the specimens 
for the acidified copper-sulfate test were 
obtained were made 3!).-in. wide in 
order to have the test specimen of 
adequate length to allow bending the 
required LSO° after the corrosion test. 
Transverse specimens were obtained 
from single-V groove weldments pre- 
pared with ' in. thick stainless No. 
20Cb plate material using the electrodes 
mentioned 


and welding conditions 
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Table 1—Chemical Analyses of Materials 


Undiluted weld metals 


Vo. 20 (9914 Vo. 200 
( 0 O04 0 
Mn 1.45 ] 
Si 0.17 0 
Ss 0.012 0 
P 0 O15 0 
C1 19 51 19 
Ni 28 52 28 
Mo > 2 
Ch 0 
Cu 3.04 3 


(9911) ‘yin. Stainless No. 20Cb plate 
05 0.06 
54 0.87 
28 45 
Ol4 0 O11 
O19 
65 20 73 
SO 29.77 
92 2.47 
SI 0.83 
12 3.06 


before. The chemical analysis of the 
base plate is given in Table 1. 

All-weld-metal and transverse speci- 
mens were in the following conditions of 
heat treatment prior to corrosion test- 
ing: asewelded, (2) 1250° F for 
1 hr, air cooled (standard sensitizing 
treatment), (3) 1350° F for 2 min, air 
cooled (sensitizing treatment), (4) 1700 
I for 2 hr, water quench (low-tempera- 
ture anneal) and (5) 1950° F for '. hr, 
water quench (standard annealing treat- 
ment). 

The heat treatment at 1350° F for 
2 min was employed in this investigation 
on the basis of isothermal sensitization 
curves prepared by the steel producer 
for stainless No. 20 and No. 20Cb 
wrought materials. These data are 
graphically presented in Fig. 2. Note 
that both compositions exhibit the most 
marked sensitivity to intergranular 
attack in nitric acid after heat treatment 
at approximately 1350° F. Secondly, 
at 1350° F corrosion rates for the stain- 
less No. 20 wrought material exceeded 
24 mils per year* after exposure for 
approximately 45 sec. At the same 
temperature, slightly more than 6 min 
were required for the stainless No. 20Cb 

* A penetration by the boiling nitric acid test 


of 24 mils per year (0.002 in. per month) is con 
sidered ‘‘acceptable’’ by many corrosion experts 


(00 1000 
TIME AT TEMPERATURE, SECONDS 


Fig. 2 Isothermal sensitization of 
stainless No. 20 and No. 20Cb 
wrought materials. Approximate 


boundaries of boiling nitric acid cor- 
rosion rates in excess of 24 mils per 
year. The materials were initially 
annealed at the optimum temperature 
for each type (2050° F for No. 20, 
1950° F for No. 20Cb) 


Stainless-Steel Welds 


alloy to exhibit corrosion rates in excess 
of 24 mils per vear 


Table 2—Boiling Nitric Acid Corrosion 
Data on All-Weld-Metal Specimens 
Corrosion Rate, Mils Penetration per Year 

fog of five 
periods 
Condition Vo. 20 Vo. 2001 
As-welded 1, 40 12, 13 
1250° F for | hr, air 
cooled 
1350° F for 2 min, 
air cooled 
1700° F for 2 hr, 


170,440 850, 900 


330, 340 360, 580 


water quenched 6,6 910 
1950° F for '/s hr, 
water quenched 5,5 8.8 


Table 3—Sulfuric Acid Corrosion Data 
on All-Weld-Metal Specimens 
Corrosion Rate, Mils Penetration per Year 
of five 
pe riods 


Condition Vo. 20 No. 
\s-welded 52, 51 58, 54 
1250° F for | hr, air 

cooled 7S, 86 57, 62 
1350° F for 2 min, 

air cooled 71, 82 59, 45 
1700° F for 2 hr, 

water quenched 57,71 68, 66 


1950° F for '/s hr, 
water quenched 


Table 4—Nitric-Hydrofluoric Acid Cor- 
rosion Data on All-Weld-Metal Speci- 
mens 
Corrosion Rate, Mils Penetration per Yea: 
ing of five I-hr 
periods 

No. 20 Vo. 20Ch 
2100, 2000 670, 540 


Condition 
\s-welded 
1250° F for 1 hr, 
air cooled 
1350° for 2 min, 


5400, 5800 3900, 3700 


air cooled 6400, 5900 3200, 3100 
1700° F for 2 hr, 

water quenched — 670, 630 $90, 520 
1950° F for '/s hr, 

water quenched — 500, 440 390, 420 
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The 1700° F heat 
undertaken to see if an 
would be accomplished, as suggested by 
the C hig. 2. The 
standard sensitizing heat treatment at 
1250° F 


treatment was 


annealing effect 
curve shown in 
and the annealing heat treat 
ment at 1950° F 
determine the difference in 
rates for the No. 20 and No 
metals in these conditions 


were employed to 
COrrosion 


weld 


In each of the above conditions of 
heat 
mens in duplicate were subjected to th 


treatment, all-weld-metal speci 
following corrosion tests. 
Five 4s- 


hr periods in boiling 65° nitrie acid. in 


l. Boiling nitric-acid test 


accordance with ASTM specification 
A262-55T. 
2. Boiling 10°) sulfuric acid, for five 


periods. 
3. 10%  nitrie—3% —hvdrofluoric 
acids, for five 2-hr periods at 1SO0° F 
Additionally, 


mens in the as-welded and 1250 


all-weld-metal speci- 
F heat- 
treated conditions were subjected to the 
following test. 

$. Acidified test 


copper-sulfate sulfuric-acid boiling solu- 


copper-sulfate 


tion for one period of 72 hr, as described 

in ASTM specification A393-55T. 
Transverse the 

conditions of heat treatment were sub- 


jected to the sulfuric acid test 


specimens in all of 


Corrosion-Test Results 
The the 


corrosion tests, computed on the basis 


results of all-weld-metal 


of equivalent penetration in mils pet 
vear, are presented in Tables 2, 3, and 4 
for the boiling nitric, sulfuric, and nitrie- 
hydrofluoric tests, 


A graphic presentation of these data is 


acid respectively. 
shown in Fig. 3. 
An the 


results in Fig. 3 reveals that the caleu- 


examination of nitric acid 


No. 20 


No. 20Cb 


Fig. 4 All-weld-metal acidified cop- 
per sulfate specimens in the as-welded 
condition after testing and subsequent 
bending. Enlarged approximately 
X 1'/s. 
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Fig. 3. The effect of heat treatment on the comparative corrosion re- 
sistance of No. 20 and No. 20Cb weld metals in several types of 


corresive media. 


AW —As-Welded 


12—1250° F, i hr, air cooled 
13—1350° F, 2 min, air cooled 
17—1700° F, 2 hr, water quenched 
19—1950° F, '/2hr, water quenched 


lated corrosion rate for the No. 20Cb 
weld metal in the as-welded condition is 
substantially lower than that for the 


Since the degree 


No. 20 weld metal 
and selective nature of the attack for the 
No. 20 much 
than they the No. 20Cb, the 
slightly higher calculated rates for the 
latter heat 
treatment, are not felt to be significant 
This out 
clearly later in this report. 

The sulfuric acid 


weld were more severe 


were 


in the other conditions of 


point will be brought more 
calculated corrosion 


rates as viewed in Fig. 3 seem to be 
little affected by heat treatment, i.e., the 
as-welded corrosion rate for both No. 20 


and No. 20Cb welds is not affected in a 


major way by any ol the heat treat- 
ments. The attack on both composi- 
tions was intergranular in nature, but 
more severe for the No. 20 weld, 

The nitric-hydrofluoric acid test. re- 


sults indicate that the No. 20Cb weld 
metal is more resistant to attack in this 
severe corrodent than the No. 20 weld 
metal, esper ially in the as-welded condi- 
tion. 

In Fig. 4, 


sulfate 


acidified 
the as- 
welded condition are shown after corro- 


all-weld-metal 
copper specimens 
sion and subsequent bending 
It should be noted that the No. 20C hb 
weld metal passed this test while the 
No. 20 weld metal failed. The effect of 


testing 


( ainpbe ll, etal Stainless-Steel Weld 


Ss 


10% H.SO, 10% HNO;—3% HF 


a 1250 sensitizing heat treatment is 
shown in Fig. 5 Both compositions 
failed this test: however, the No. 20Cb 
specimen could be bent ISO deg without 
complete failure (even though many 
tears were present) while the No. 20 


No. 20 


No. 20Cb 


Fig. 5 All-weld-metal acidified cop- 
per sulfate specimens in the sensitized 
(1250° F for 1 hr, air cooled) condi- 
tion after testing and subsequent 
bending. Enlarged approximately 
X 1 
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bit 
NS 


1950° F for ' hr, water 
quenched 


1700 F for 2 hr, water 
quenched 


1350° F for 2 min, air 
cooled 


1250° F for 1 hr, air 
cooled 


as-welded 


No. 20 No. 20Cb 


1950° F for ' 2 hr, water 
quenched 


1700° F for 2 hr, water 
quenched 


1350” F for 2 min, air- 
cooled 


1250° F for 1 hr, air- 
cooled 


as-welded 


No. 20 No. 20Cb 


Fig. 7 Tested and bent all-weld-metal sulfuric acid corrosion specimens in 
various conditions of heat treatment. Enlarged approximately X 1! ; 
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Fig.6 Tested and bent all-weld-metal 
nitric acid corrosion specimens in various 
conditions of heat treatment. The in- 
dentations near the ends of the speci- 
mens were made by the vise during the 
bending operation. Enlarged approx- 
imately X 1! 


specimen failed at a very small angle o/ 
bending. 

An uncorroded No. 20 specimen 
which had been given the 1250° F sensi 
tizing heat treatment bent ISO deg 
without sign of fissuring, showing that 
it is the intergranular attack by the 
solution and not the heat treatment 
which results in the complete loss of 
bend ductility. 

Although it is not the usual practice 
to bend the boiling nitric acid specimens 
after testing, this was found to be a more 
effective and striking manner in which 
to illustrate the difference in degree of 
intergranular attack between the No. 20 
and No. 20Cb welds. Photographs oi 
tested and bent nitric, sulfuric, and 
nitric-hydrofluoric acid specimens are 
shown in Figs. 6, 7 and 8 respectively. 

The diagnostic value of the testing 
and subsequent bending technique is 
well illustrated in Fig. 6. Perhaps the 
most striking illustration is afforded by 
the as-welded specimens. Note that the 
No. 20 specimen failed completely while 
the No. 20Cb weld metal showed no 
evidence of fissuring. As may be seen 
in Table 2, the rate of attack for the 
No. 20Cb weld was 12 mils per year 
while that for the No. 20 was 40 mils per 
year. This difference is, perhaps, sig- 
nificant, but the innate nature of the 
attack could not be fully appreciated 
without the bend test. This point is 
further emphasized in the photographs 
of the other nitric acid specimens in 
Fig. 6. These photographs show that 
although the weight loss may be slightly 
higher for the No. 20Cb weld metal, the 
intergranular attack is less severe. 

The above discussion applies also to 
the bent specimens which were first 
tested in sulfuric acid (Fig. 7). The 
photographs of these specimens further 
illustrate the more severe nature of 
intergranular attack in the No. 20 weld 
metal. 

All-weld-metal corrosion specimens 
which were bent after nitric-hydro- 
fluoric acid testing are shown in Fig. 8 
The attack appears to be rather severe, 
especially in the sensitized specimens. 
The difference in degree of attack for 
this set of specimens is most pronounced 
in the as-welded condition. 

A photograph of the transverse speci- 
mens which were tested in a 10° sul- 
furic acid solution and subsequently 
bent in a vise is shown in Fig. 9. Note 
the rather severe attack in the No. 20 
weld which was heat treated at 1350° F 
for 2 min. 
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Metallographic Examination 
20 and No. 


as-welded 
10. The 


believed 


Photomicrographs of No 
20Cb the 
condition Fig 
precipitation, 


weld deposits in 


ire shown tn 


grain boundar 


to be 


principally chromium carbide, 


seems to be heavier and more ce 

the No 

matrix precipitation 

No. 20Cb weld metal 
After 

ol 1350 


vrain 


mtinuous 
\lore 
the 


for metal 


evident in 


treatment 
lig. 11) the 
precipitation fo the 
No. 20 weld metal appears to be more 


sensitization heat 
lor two minutes 
boundary 


continuous than it was in the as-welded 
The the 
No. 20Cb weld metal has not been per- 


condition microstructure of 
ceptibly changed 

The effect of an annealing h 
ment (1950° F hi in 
Fig. 12 For the No. 20 weld metal the 
microstructure is essentially fully 
teniti The microstructure of the No 
20Cb weld metal is « 


bium carbides in an austenitic 


eat treat- 
for is shown 


omposed of colum 
matrix 
The type of attack observed in both 
the No. 20 and No. 20Cb 
Was intergranular in nature for all of the 
attack No 


Was sensitized at 


weld metals 


corrodents. Surface on 
20Cb specimen whicl 
1250° F for 


testing Is 


to sulfuri 
Fig 13 
The corrodent is seen to be attacking the 
the 


one hour 


prior 


acid illustrated in 


metal selectively at 
An 


interg! 


weld 


the 
the 


boundaries illustration of 


selective nature 


corrosive attack is presented in 


for No. 20 specimen whicl 


1950° F for hr, 


quenched 


1700” F for 2 hr, 


quenched 


1350° F for 2 


cooled 


1250 
cooled 


as-welded 


No. 29 


Fig. 8 Tested and bentJall-weld-metal nitric-hydrofluoric acid corrosion speci- 
various conditions of heat treatment. 


mens in 


min, 


F for 1 hr, 


water 


water 


bells 


air 


Enlarged approximately X ] 


1950 


1700 


1250 


No. 20 weld 


F for 2 hr, woter 
quenched 


F for 2 hr, water 
quenched 


F for 2 min, 
cooled 


oir 


F for 
croled 


as-welded 


No. 20Cb weld 


Fig. 9 Transverse specimens in various conditions of heat treatment after the sulfuric acid corrosion test 


bending. Approximately full size 
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Marble's Reagent x 1000 Marble's Reagent X 1000 
No. 20 No. 20Cb 
Fig. 10 The microstructure of the welds, as-deposited 
7 
a? 4 
. 
© 
Marble's Reagent X 1000 Marble's Reagent xX 1000 
No. 20 No. 20Cb 


Fig. 11 Weld microstructures after heat treatment at 1350” F for 2 min, air cool. 
Note the continuous grain boundary precipitate in the No. 20 structure 
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Marble's Reagent X 1000 Marble’s Reagent xX 1000 
No. 20 No. 20Cb 


Fig. 12 The solution annealed (1950° F for ' » hr, W.Q.) microstructure of the 
welds. No. 20 is fully austenitic while No. 20Cb weld metal contains columbium 
carbides in an austenitic matrix 
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jected to the acidified copper-sulfate 
test after a sensitizing heat treatment at 
1250° F. This photomicrograph was 
taken at the center of the test specimen 
and is in the unetched condition. 


Discussion 


The results of this program indicate 
that No. 20Cb weld metal is subject to 
a lesser degree of intergranular attack 
in all of the corrosion tests, even though 
the calculated rates, in mils per year, 
were slightly higher in some cases than 
those of the corresponding No. 20 
specimens. It may be well to point out 
here that this program was primarily 
designed to determine the effect of 
columbium additions on the corrosion 
resistance of the No. 20 welds in several 
rather severe tests, not necessarily to 
duplicate corrosive service applications. 

The most sensitive procedure em- 
ployed to detect a difference in degree 
of corrosive attack between the No. 20 
and No, 20Cb welds involved the bend- 
ing of tested specimens after exposure to 
the various corrosive media. This is, of 
course, standard procedure for the 
acidified copper-sulfate test, but it is not 
frequently employed after other types of 
corrosion testing. Actually the reader 
could be misled if an analysis of these 
data were attempted simply on the basis 
of calculated penetrations determined 
from weight loss. 

It is of more than passing interest to 
note that the above mentioned differ- 
ences in corrosion properties could in- 
deed be so clearly illustrated, for the 
carbon content of the No. 20 weld meta! 
approaches the range of an ELC grade 
of stainless, at only 0.04 percent. At 
higher carbon levels, a greater difference 
in corrosion properties might be ex- 
pected when comparing this weld metal 
with No. 20Cb. 

Examination of the microstructure ot 
the as-welded and the sensitized welds 
revealed that the grain boundary pre- 
cipitation for both the as-welded and 
sensitized specimens was heavier and 
more continuous for the No. 20 weld 
metal. However, complete analysis ex- 
plaining the degree of differences in 
corrosion properties between the No. 20 
and No. 20Cb welds from a purely 
metallographic standpoint was not un- 
dertaken. 

In regard to multi-pass welds, it 
should be remembered that only the last 
pass is in the purely as-welded condi- 
tion. The preceding passes have been 
sensitized to some extent by the heat of 
welding. Since the “‘as-welded”’ speci- 
mens in this report were taken from 
multi-pass weld pads, the results are 
applicable to large weldments in the as- 
welded condition. Single-pass welds 
may be slightly better in performance. 
The data for the as-welded No. 20Cb 
specimens suggest that this weld metal 
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Fig. 14 Selective intergranular cor- 
rosive attack near the center of No. 
20 weld specimen tested in the acid 
copper-sulfate solution after heat treat- 
ment at 1250° F for 1 hr, air cooled. 
(Reduced by ' , upon reproduction) 


Fig. 13. Typical intergranular surface 
attack. No. 20Cb weld tested in sul- 
furic acid after heat treatment at 
1250° F for 1 hr, air cooled 


as-welded and the sensitized conditions 


Since this basie 


will perform satisfactorily without fur- 
ther heat treatment, but the No. 20 


weld metal in the as-welded condition 


difference exists, it is 
suggested that only No. 20Cb electrodes 
be used in applications involving stain- 
less No. 20Cb base 1 


resistance 


has already become sensitized from the 


iaterials if ulti- 


heat effect of subsequent passes 


mate corrosion 


Conclusions and Recommendations 
1. This investigation has shown that 

No. 20Cb weld metal is subject to less 2. If the weldmen 

severe intergranular attack throughout, and will not be exposed to 

than the No. 20, particularly in the 


metal is to be realized 


20Ch 
Corrosive 
sensitizing conditions before being put 


QUALITY CONTROL OF STEELS 
FOR WELDED PENSTOCKS 


BY W. STAUFFER AND A. KELLER 
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control the quality 
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and high-tensile steel pla 
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Linde Company ev rk 
extent. The firm divides steels 


ol 


ciated with tl 


into 


Table 1—The Five Classes of Steels Specified by Escher-Wyss 


Yield Tensile 

strength ps trenath, 

Vin Var pst, min 
28. 400 37,000 50,000 2: 0 55-0 70 
35,500 15,500 57,000 2: 60-0. 75 
12,500 55,500 64,000 63-0 77 
50,000 64,000 71.000 64-0 79 
5 57,000 71,000 78,500 66-0 8] 


A, cross-sectional area of specimen. 
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METALLURGY OF THE WELDING 


OF CERTAIN AUSTENITIC HEAT- AND 
CORROSION-RESISTANT ALLOYS 


11\W Paper considers the methods available for welding 


a series of highly-alloved materials which have proved useful 


under many difficult and damaging service conditions 


BY ANTHONY H. WATERFIELD AND R. P. CULBERTSON 


SUMMARY. Three corrosion-resistant al- 
lovs and three heat-resistant allovs —all 
highlv-alloyed materials are considered 
in this paper. Their development and 
uses are touched upon 

After a brief deseription of the methods 
of preparation for welding, the metallurgi- 
cal properties of each alloy are considered 
in turn in the light of their effeet on the 
welding techniques necessary. The fabri- 
cation methods for the two types of alloys 
ire discussed in connection with the serv- 
ice to be expected from the allovs 


Introduction 

There are many austenitic, heat- and 
corrosion-resistant allovs. To some ex- 
tent nickel-chromium stainless steels can 
be so classed. We wish to dliscuss a few 
illovs developed to withstand sever 
conditions of heat and corrosion under 
which stainless steels and other less 
noble allovs have only short. life 
either because the operating tempera- 
ture is very high or beeause the liquids 
to be handled are extremely corrosive 

These are necessarily highlv- 
alloved materials, which are known in 
the USA as “high alloys.” Thev are not 
all of the same alloy types. Of the al- 
lovs we wish to discuss, four are nickel- 
base, one is cobalt-base and one iron- 
base 

To illustrate more clearly the tvpes ot 
service which the allovs can meet, it 
mav be useful to outline their history in 
the context of the problems they wer 
developed to solve. 

{ material able to withstand hydro- 
chlorie acid was still being sought long 
after other acid-resisting requirements 
had been met. Earlier work suggeste:| 
that a nickel-base alloy would be useful 
Anthony H. Waterfield is associated with Unio: 
Carbide Europa 8S. A., Geneva, Switzerland, and 


R P. Culbertson is with Haynes Stellite C 
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Presented at Publie Session on July Ist at Annua 
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and that the additions of molybdenum 
would be beneficial. The first commer- 
cial alloy able to withstand all concen- 
trations of hydrochloric acid was de- 
veloped in the USA. It was a ternary 
nickel-emolybdenum-iron alloy resistant 
to all concentrations of hydrochloric 
acid up to 70° C. But the need for a 
material resistant to the boiling acid 
involved a continuation of the research 
and an alloy of 26 to 80°, molybdenum 
and about 5° iron was develo} ed. 

This nickel-molybdenum alloy is the 
first of those to be deseribed. Apart 
from its outstanding resistance to hy- 
drochloric acid at all concentrations and 
temperatures, this alloy has excellent 
resistance to sulphuric and phosphoric 
acids as well as a variety of nonoxidizing 
salts, organic acids and alkalies. 

Peing commercially available not 
only as castings but in almost. all 
wrought forms (an exception to date is 
seamless tubing), this  nickel-molyb- 
denum alloy has been widely used in 
pickling baths, in pumps, and valves 
handling corrosive liquids, in the or- 
ganic-synthesis field) where corrosive 
catalysts are involved, in the petroleum 
field as a lining for isomerization towers. 

While the corrosion resistance of the 
nickel-molybdenum alloy is exceptional, 
its use under oxidizing conditions must 
be avoided. Further research was 
needed to overcome this difficulty and 
naturally the effeet of adding chromium 
Was investigated. It was found that by 
replacing some of the nickel and molyb- 
denum with chromium, an alloy was ob- 
tained with quite exceptional resistance 
to a wide range of corrosive media. 
This nickel-molybdenum-chromium al- 
loy contains about 16°) molybdenum 
and 15°% chromium, as well as 5°] iron 
and a significant (4°7) amount of tung- 


Austenitic Alloys 


sten added to improve both the me- 
chanical properties and the corrosion 
resistance. 

This nickel-molybdenum-chromium 
alloy has good resistance to hydro- 
chloric acid and chlorine salts and is one 
of the few materials adequately re- 
sistant to wet chlorine gas, hypochlorite 
solutions, and strongly oxidizing chlo- 
ride compounds such as ferric or cupri 
chlorides. It has good resistance to 
phosphoric, sulphuric, acetic and nitri 
acids and has fair resistance to many 
mixed acids such as nitric-hydrofluori 
and nitrie-sulphuric. It is indeed one 
of the most universal corrosion-resistant 
alloys commercially available and is ob- 
tainable in the same range of cast and 
wrought forms as the nickel-molyb- 
denum alloy. 

Chemical firms use this alloy for ves- 
sels in which a variety of reactions ma\ 
take place. It is widely used in the 
ravon industry where any contamina- 
tion would lead to thread discoloration 
which cannot be tolerated. [t has found 
applications in heat exchangers using 
sea water as a coolant for corrosive 
liquids such as aluminum chloride solu- 
tion, for example. Its resistance to sea 
water, which does not tarnish a reflect- 
ing surface of this allov, has led to its 
use for searchlight reflectors for ships 
and lighthouses. Its general resistance 
resulted in its extensive use for pickling 
equipment. Its exceptional resistance 
to wet chlorine combined with high 
strength has led to its wide use for the 
key parts of chlorinating units for 
swimming baths, sewage disposal units 
and drinking water systems. 

The next alloy to be discussed was 
developed as a compromise between 
the nickel-molybdenum-chromium alloy 
and stainless steel: to have resistance 
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to severe corrosion conditions approacl 
ing that of the former but to have work 
ing characteristics nearer to those of 
Over 250 alloys in thi 
nickel-molybdenum-chromium-iron svs- 

tried in five different media 
chosen for their specifie corrosive 


stainless steels, 


tem were 
ition 
The best combination of elements fron 
the stand omt of cost and over-s 
eorrosion resistance 


contamed 


nickel, 6% molybdenum, 22°; 
chromium, columbium plus. tan 
and the 


available in all wrought forms except 


talum balance iron 


scumless tubes 

This alloy was placed on the market 
It has already beet 
USA 


the wood pulp industry, being ideal for 


about six vears ago 
used rather extensively in the 
use in sulphite digesters. Its relative 


freedom from stress corrosion 


ind pit 
ting makes this alloy preferable to Typ 
316 stainless steel for this application 
and its range of corrosion resistance: 
makes it most attractive for use in the 
new duplex pulping processes in whicl 
the first part of the cook is in weak or 
strong sulphurous acid while the. re- 
mainder is under alkaline conditions 
The thre allovs so far described ha 


al] been developed Corrosiol re- 


sistance though the first two of them 
excellent heat 
maintaining good strength up to 650° ¢ 
1200° F). The other three allovs to be 


dealt with in this paper are primar 


also have resistance 


allovs though one ot 


cobalt-base 


heat-resistant 
them, the 


exceptionally good corrosion resistance 


1] ] } 


in oxidizing media 

The first heat-resistant allov to be 
considered is iron base. It belongs to 
the class known in the USA as N-155 


ind it can be deseribed as a Fe-Cr-Nji-( 
alloy containing, apart from iron, about 
21% chromium, 20° nickel, co- 
balt, together with 37 molvbdenun 
2.5% tungsten. and columbiu 
tantalum It is available in a 
wrought forms, except seamless tubes 
and vith slightly higher irbeor is 


The alloy 


custings 


1500° | and 
oxidation resistance at temperatures as 


properties up to R15” ( 
high as L100° C (2010° I It has been 
used extensively in aircraft jet engines, 
as castings for blades is forgings for 
blades, 


form, for tail pipes It is 


rotors and bolts; and in sheet 
ersatile and 
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The obalt base Alioy 


Was a development trot family of 
corrosion-resistant ind) = high-tempera- 
ture allovs It contains about 20° 
chromiur 15%, tungsten, 10° nickel 
It was produced to pre le a sheet ma- 
terial of high room-te1 erature dueilits 


with good high-temperatu strengt] 


and oxidation resistance up to 980° ¢ 
it is also available in bar forn These 
properties have led to an. extensive 
Usage t turbines 


A valuable featur f this alle = its 


excelent sistance to chemical oxidiz- 
ng agents, in particular to wet chlorine 
ind in certain concentrations and tem- 
peratures to hvaroct! ru nitri 
if d ine \tures thes «(is 

The ist heat-resistant allov to be 
discussed is a Ni-Cr-Mo-Fe allov cor 
taining 45°; nicke chromium 
9°) molvbdenum and the balance irot 


It is available as sand and investment 


castings and in most wrought forms 
Since its introduction in 1951, it has beer 


widely used in sheet form in such air- 


eratt components as et engine tail 
pipes ana ifterburners 

As would be ey t this chromiu 
bearing kel-bas i has excep- 
tional resistance to dation it ele- 
vated temperatures It has been sue- 
cessfullv applied to furna irts operat- 
ing at temperatures as high as 1250° ¢ 

This | eSscrIptiol some of thi 
ipplieations t W 
wel That the i! ( bemg 
Inde i t ning pro 
SSCS gel i <ts less 
ire a ible witl thout sor 
oht t \\ i CUISCIISS 
t} ISO! velding 


\ 


-Mo 


Chromium 15.5 
Nickel Bal Bal 

5.0 5.5 
Cobalt 2.0 
Molvbdenum 28 0 16.0 
Tungsten 10 
Carbon 0.05 0.08 
Manganese 10 


\luminum 
Titanium 
Cb + Ta 
Klectrie resistivity, 


microhms /em 135. 1 139.0 


Table 1—Nominal Compositions of Wrought, High-Temperature Alloys, Percent 


Element 
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22 0) 22.0 
5.5 Bal 
Ba Ba 
2.0 20) 
> 0 "0 
2.3 0 
ON 12 10 10) 
15 10 
1.0 
112.0 SS. 7 


* Maximum 
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Solution treated. X 100 


alloy— 


«<i pu 
ams ~~ 
- 
é 
‘ 


Nickel-molybdenum alloy as- 
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Fig. 5 Nickel-molybdenum-chromium 
alloy—Solution treated. X 300 


erence to the metallurgy of the bas 
metal 

The nominal compositions of the 
wrought high-temperature alloys con- 
sidered are given in Table | This 
shows also on the bottom line the clec- 
trical resistivity of the alloys 


General Preparation for Welding 

In all instances, immediately before 
welding, the welding surface and adja- 
cent base metal should be thorough, 
cleaned down to bright metal. <A sol- 
vent material may be used to help 
remove any grease and oil. The surface 
should be wiped clean before welding 

Material thinner than '/y) in. (2.5 
mm) ean be welded from one side by 
using proper edge spacing to allow full 
penetration. Care should be exercised 
to eliminate nonuniform penetration as 
this may leave undesirable crevices and 
voids in the underside of the joint which 
may become centers of ac elerated cor- 
rosion, In material used for high-tem- 
perature applications, irregular penetra- 
tion creates stress raisers which may 
lead to mechanical failure. 

Material 'jo-in. (2.5 mm) thick and 
heavier should be bevelled and welded 
from both sides. When joining ma- 
terial of dissimilar thicknesses, the 
heavier seetion should always be bev- 
elled for ease of welding. Welding from 
both sides is recommended whenever 
possible but, if not practicable, the joint 
spacing should be increased and a cop- 
per backing bar used, and = currents 
higher than normal should then be em- 
ploved to obtain complete penetration. 

Correct alignment and careful edge 
preparation are particularly important 
in this class of alloys. Any misalign- 
ment causes variation in bead contour, 
gap width and stresses in the weld area, 
factors contributing to cracking in the 
weld joint. Correct fits are easiest to 
obtain if the material is bevelled by 
machine. The sheared edges of sheet or 
plate should be ground back to remove 
all stressed material. Thermal cutting 
and bevelling is not recommended. 
Since the initial metal cost is high, care- 
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ful preparation to assure good welds is 
economically justified. 

The standard joint designs used in the 
fabrication of fusion welded equipment 
can be used with slight modifications to 
allow for automatic welding operations, 
such as submerged are or inert-gas- 
shielded are. 
for steel should be provided in V or U or 
J grooves because these highly-alloved 
materials do not have the fluidity of 
steel, and the bevel angle and the mini- 
mum bottom radius need to be increased. 
In general, the V-joint preparation is 
used for butt welds in plate thicknesses 
up to ©, in. (6 mm) and a U-joint for 
greater thicknesses. 

The use of jigs and fixtures for as- 


Larger clearances than 


1000 1200 
Temp. °F 


sembly and subsequent welding  pro- 
vides definite economies in reduced 
welding cost, greater speed in welding, 
and ease of producing welds of uni- 
formly high quality. It is generally de- 
sirable to provide a backing bar of 
some sort which serves as a chill, redue- 
ing the area of the heat-affected zone 
and helping to obtain a more uniform 
bead penetration by eliminating ex- 
cessive hangthrough of the weld bead. 
The backing bar is usually grooved to 
permit good bead contour. 


Corrosion Resistant Alloys 
Nickel-Molybdenum Alloy 


The nickel-molybdenum alloy is com- 
prised of an austenitic strueture with 
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few, well dispersed and spheroidized 
carbides of the MgC type, when in the 
solution heat-treated condition (Fig. 1). 


During the welding operation, a pre- 
cipitate tends to be formed at the grain 
boundaries, which, in certain corrosive 
environments, decreases the corrosion 
resistance of the heat-affected area 
The weld metal may be assumed to be 
analogous to cast metal, and hence, the 
microstructures may show all of the 
characteristics of cast metal exhibiting 
a pronounced dendritic structure (com- 
pare Figs. 2 and 3) 

This material has a range of low duc- 
tility from 540-870° C (1000—-1600° F 
when the elongation drops sharply 
from 40 to 10°7), and physical properties 
of low thermal conductivity and high 
electrical resistivity. These factors have 
a very decided effect on the weldability 
of the allov and require that suitable 
welding techniques be used. The major 
welding problem associated with this 
material is cracking of the base metal 
either transverse to the weld and extend- 
ing from the edge of the weld approxi- 
mately ; in. into the base metal, o1 
longitudinal to the weld and occurring 
approximately ', in. from the edge of the 
weld (Fig. 4 The longitudinal cracks 
are usually associated with restraint 
of the weld joint while the transverse 
eracks are due to the thermal condition 
and restraint of the weld. 

The preparation of the weld joint is 
very critical in these highly-alloyed ma- 
terials and a welding sequence should be 
used that will produce a minimum of 
stress in the weldment. Because of the 
poor thermal conductivity of this ma- 
terial, a rapid heat build-up is incurred 
during welding; therefore, stringer- 
head we lding technique should be used 
without weaving. The weldment should 
be kept as cool as possible at all times. 
When welding with the manual metallice- 
are electrodes, the weld may be swabbed 
with a damp rag immediately following 
deposition. When using the inert-gas- 
shielded tungsten-are process, it is im- 
portant to use adequate gas flow (30 cu 
ft—S50 |—per hr) and to protect the 
back of the weld: otherwise porosity 
may be incurred in the deposit from 
aspiration of air into the weld. 

This material, beeause of its low- 
earbon content (Table 1), is more resist- 
ant to sensitization in the heat-affected 
Zone than the higher-carbon versions 
and is less sensitive to cooling rate from 
the solution heat-treating temperature. 
However, for maximum corrosion re- 
sistance, the weldment should be placed 
in the solution heat-treated condition. 
If this is not possible, then welded 
samples should be corrosion tested in the 
process to determine the corrosion rate 
for the material in the as-welded con- 
dition. 
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Fig. 8 Nickel-molybdenum-chromium 
alloy as welded by metallic arc. 
X 250 


Nickel-Molybdenum-Chromium Alloy 

The nickel-molybdenum-« hromium 
alloy is of the austenitic tvpe with fine, 
well disp rsed, sphe roidized carbides of 
the M,C type, when in the solution heat- 
treated condition. The M¢C in this al- 
lov is rather compl x and of greater 
quantities than in the Ni-Mo alloy (Fig 
5), since the alloy consists of « hromium 
molybdenum, tungsten and nickel (Ta- 
ble | 

This alloy is not as prone to cracking 
or formation of porosity in the weld as 
the nickel-molybdenum alloy and, in 
general, exhibits slightly better welding 
characteristics These properties are 
attributed to the added chromium con- 
tent ol this alloy This allov has slightly 
lower tensile strength, vield strength and 
elongation than the nicke l-molybade num 
alloy Although there is a drop in 
elongation in the range 4S0-9S80° C 
(900-1800° F), this is not as severe as in 
the case of the nickel-molvbdenum al- 
lov Although this allows more latitud 
in the welding and fabricating of this 
allov. the same general rules applv as 
for the nickel-molybdenum alloy 

This alloy has low thermal condue- 
tivitv. high electrical resistivity, and a 
high thermal coefficient of expansion 
Table 1 and Figs. 6 and 7 During 
welding, this allov is slightly more prone 


to develop rain-boundary precipitate 


in the heat-affeeted zone than the 
nickel-molybdenum alloy Because of 
this phenomenon, if solution  heat- 
treatment of the weldment is not possi- 
ble, it is important to subject as-welded 
samples to the corrosive media in which 
the material is to be used to gain an ac- 
curate corrosion rate for the material 

A comparison of the microstructures 
of the alloy in the as-welded and solu- 
tion heat-treated conditions may be 
made by comparing Figs. 5 and 8. The 
weld structure (like the cast structure) 
exhibits the same pronoun ed dendritic 
structure as the nickel-molybdenum al- 
loy with slightly more eutectic carbide 


(dark grav) present. 


Austenitic Alloys 


Nickel-Molybdenum-Chromium-iron Alloy 
This material in the solution heat- 
treated condition is essentially austenitic 
in structure with some MyC and MC- 
type carbides dispe rsed throughout the 
structure The columbium and _ tan- 
talum contents have the effect of sta- 
bilizing the allov during welding opera- 
tions; thus, the alloy possesses a high 
degree of resistance to heat-affected zone 
corrosion in the as-welded condition. 
The allov is not as prone to loss of 
ductility in the temperature range of 
540-980° C (1000-1800° F) as the nickel- 
molybdenum alloy, and therefore, is 
not as critical to thermal cracking in the 
lo prov ide the 


condition of best corrosion resistance, 


weld or base material 


the weldment should be solution heat- 
treated: however, if this is not prac- 
tical, as in the case of lined vessels, the 
corrosion rate calculations for the ma- 
terial must be based on as-welded ma- 
terial 


Discussion of 
Corrosion-Resistant Alloys 


The principal use of the foregoing al- 


for ceorrosion-resistant applica- 


tions found n the many rocesses TOW 


used by industr These allovs are all of 
the austenitic t pt that is. they con- 
sist of a face-centered ible matrix, 
which is nickel-rich solid solution 


plus some intermetallic constituents. 
The allovs in the solution heat-treated 
‘condition are gen nsidered to be 
of two phases, consisting of an austenitic 
matrix and primal arbides of the MgC 


ndition, the alloys 


tv pe and, 
display their maximum corrosion re- 
sistance 

The nickel-emolybdenum alloy forms 
an intermetallic precipitate in the tem- 
perature range of 590-1040 C (1100— 
1900° I The formation of this pre- 
cipitate is slow, except where conditions 
of cold work preval Since the pre- 
cipitate forms slow]) this allov does not 
suffer loss of corrosion resistance in the 
heat-affected zone as readily as many 
other allovs in this class, and also, the 
cooling rate of this alloy from the solu- 
tion heat-treating temperature Is not as 
critical 

The nickel-molybdenum-chromium 
alloy forms a precipitate ol the M,C 
tvpe in the temperature range of 480 
1040° C (900—1900° F This formation 
is very rapid, therefore the cooling rate 
from the solution heat-treating tempera- 
ture is critical and if possible the weld- 
ment should be wate r-que nched or spray- 
quen hed from the solution heat-treat- 
ing temperature. 

Since the alloy does sensitize in the 
heat-affected zone during welding, the 
weldment should be solution heat- 
treated for maximum corrosion resist- 
ane 

The nicke l-mol\ bake num-chromium- 
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ys 


iron alloy forms a precipitate of the MC 
and M,C typeinthe temperature range ot 
590-1040° C (1 100-1900° F). Since this 
alloy is) stabilized with columbium 
niobium) and tantalum, the corrosion 
resistance is not materially affected by 
welding and the alloy can usually be 
ied in the as-welded condition, de- 
pending on the corrosive environment. 

These corrosion-resistant alloys are 
readily welded by the metallic-are proe- 
ess using covered electrodes of the same 
composition as the base material. The 
inert-gas-shielded tungsten-are process 
is used very successfully with materials 
up to 12 gage (0.109 in. or 2.8 mm in 
thickness). The inert-gas-shielded tung- 
sten-are process is not recommended for 
material thicknesses of over ' , in. (3.2 
mm) as the heat energy released to the 
base material is greater than if the 
metallic-are process were used. In all 
welding operations, the heat input 
should be at a minimum level required to 
produce a satisfactory weld joint. In all 
instances, the oxvacetvlene welding 
process should be avoided when joining 
these materials. 


Heat-Resistant Alloys 
N-155 Alloy 


This is a high-strength austenitic-ty pe 
alloy containing a major proportion of 
iron. This composition was designed to 
be resistant to embrittlement after ex- 
tended periods of exposure at elevated 
temperatures. The austenitic structure 
was chosen beeause it is inherently due- 
tile, strong at elevated temperatures, 
daptable to work-hardening processes 
ind capable of forming precipitation- 
hardening systems, thus improving hot 
strength. 

The photomicrographs of this alloy 
would show a typical austenitic strue- 
ture with well dispersed and spheroidized 
carbides in the solution heat-treated 
condition. In the as-welded condition, 
the structure is dendritic with an inter- 
spersed eutectic carbide. This alloy is 
prone to microfissuring or cracking in 
the weld bead, possibly because of the 
low-melting eutectic formation along 
the dendrites. Therefore, it is impor- 
tant to have a minimum of restraint in 
the weld area, a minimum of residual 
heat in the weldment and to use a 
stringer-bead welding technique and low 
heat input. It is extremely important 
to use a We ll-planned welding sequence 
and a joint-alignment fixture to produce 
4 minimum of restraint in the weld dur- 
ing solidification. 

This alloy should be in the solution 
heat-treated condition before fabriea- 
tion as this is the condition of maximum 
cu tility. If the alloy is to be subjected 
to deep drawing or severe forming, the 
intermediate anneals will be necessary 
since the alloy work hardens during 
forming operations. As heat treatment 
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Fig. 9 Cobalt-tungsten-nickel-chromium alloy—Elongation-temperature curve 


after severe forming operations may be 
accompanied by cracking in the de- 
formed areas, this condition is best alle- 
viated by intermediate anneals during 
forming. 
Cobalt-Tungsten-Nickel-Chromium Alloy 

This alloy has an austenitic structure 
with well disperse d spheroidized M,C in 
the solution heat-treated condition 
During the development of this alloy 
it was found that nickel was beneficial 
in raising the cold ductility of the alloy. 
Tungsten was found to substantially 
strengthen the alloy both by solid solu- 
tion strengthening and precipitation 
hardening. 

This alloy possesses higher mechanical 
properties such as tensile strength, vield 
strength and elongation, than those 
shown by the other alloys we have dis- 
cussed, This material has good weld- 
ability and is easily fabricated; how- 
ever, it is somewhat prone to hot-short 
cracking (Fig. 9), similar to nickel- 
molybdenum alloy. The same welding 
techniques should be exercised as for 
nickel-molybdenum alloy. The weld 
deposit exhibits a similar columnar 
dendritic structure and eutectic car- 
bides. 

Nickel-Chromium-Molybdenum-lron Alloy 

The nickel-chromium-molybdenum- 
iron alloy was somewhat of a compro- 
mise in that it was developed to have the 
high-temperature strength and oxida- 
tion resistance of the nickel-chromium- 
molybdenum alloy and the relatively 
good ductility and resistance to em- 
brittlement of the foregoing  nickel- 
molybdenum-chromium-iron plus co- 
lumbium-tantalum alloy (Table 1). 
Figure 10 shows the excellent oxidation 
resistance of this alloy which is main- 
tained to 1150° C (2100° F). 


Austenitic Alloys 


Although the stress to rupture 
strength is slightly lower than N-155 al- 
loy [100-hr life, 816° C( 1500° F), 12.7 
kg sq mm (18,000 psi)| the short-tim« 
properties are higher, e.g., Ni-Mo-Cr- 
Fe alloy at 816° C (1500° F) has an 
ultimate tensile strength of 33.7 kg sq 
mm (48,000 psi) and 379%  clongation 
while N-155 alloy has an ultimate ten- 
sile strength of 25.3 kg sq mim 36,000 
psi), and elongation of 389°. 

This alloy derives its strength pri- 
marily from solid-solution strengthen- 
ing, but exhibits precipitation in- thi 
650-950° C (1200-1700° F) range. The 
aging is not sufficiently strengthening to 
warrant its specifie production by heat- 
treatment. 

This allov is of the austenitic type 
with well dispersed spheroidized car- 
hides of the MeC type in the solution 
heat-treated condition. It has good 
fabricated 
readily and is not prone to hot-short 


weldability and can be 


cracking or weld porosity. The weld 
exhibits the pronounced dendritic struc- 
ture typical of the “high alloys.’ 

To be most readily fabricated, the al- 
lov should be in the solution heat- 
treated condition. However, after weld- 
ing, the alloy need not be solution heat- 
treated unless desired, as the welding 
will not materially affect the oxidation 
rate of the material. 


Discussion of 
High-Temperature Alloys 

These alloys have found wide usage 
as high-temperature materials in’ the 
temperature range of 730-1200" 
(1350-2000° F). The largest usage has 
of course, been in the aireraft industry. 
These alloys are noted for high strength 
and oxidation resistance at elevated 
temperatures (Fig. 10). To be formed 
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QUALITY CONTROL OF STEELS 
FOR WELDED PENSTOCKS 


Table 2—Eight Subclasses Under Class 1] 


G 
Mar p 


oleh 


D, quenched in water from 920 ( I 
Requirements are 8, 7 and 6 mkg ‘« 20. Oand 
Requirements are 6, 4 and 2 mkg rat +20, 04 


Requirements are 6, 5 and 4 mkg ‘« it +20, O an 


3 and 7 in Table 4 were satisfactorn 
the basis of both the Kuntze and note] Table 3—Notch Impact Requirements, 


impact tests. The other five plat Mkg/cm® for Classes 2 to 5 of Table 1 


mpositicen 
were mediocre in quality. 


the plat 
desirable 


heat-affeeted 


Covered electrodes of 6020 and low 
hydrogen types are used in fabricating 
the lower tensile steels, while low hy- 
drogen types only are used for the high- 


xcessivels 


tensile steels. The following points ar 
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NI-CR-B BRAZING OF A 


HIGH-TEMPERATURE ALLOY 


Suitable technique established to produce consistently 


sound high-strength brazed joints in a high-temperature alloy 


containing titanium without plating the surfaces to be brazed 


BY GEORGE AGGEN, ROGER A. 


SYNOPSIS. A brazing investigation was 
conducted on sheet and bar specimens ol 
A-286, an iron-base precipitation-harden- 
ing high-temperature alloy Brazing was 
performed in «a continuous-belt furnace 
under a dry hydrogen atmosphere. A 
Ni-Cr-B brazing alloy meeting AMS-4775 
specifications was used in joining all the 
Spec 

The paper includes descriptions of the 
brazing furnace and brazing cycles re- 
quired to obtain optimum joints in the 
specimens. Though the A-286 alloy con- 
tains about 2.0°, titanium and 0.2°, 
aluminum, it was not found necessary to 
plate the surfaces in order to obtain satis- 
factory joints. This is contrary to find- 
ings given in previously published papers 
in this field. A deseription of the simple 
and Inexpensive surface preparation that 
was utilized is given in the paper 

The quality of the brazed joints was 
evaluated by metallographic examinations 
and mechanic il tests These tests include 
smooth- and notcehed-bar rupture tests at 
1200° F and short-time tensile tests at 
room temperature, 1200 and 1300° F. 
Metallographic examinations were also 
made in order to determine the effects of 
the brazing alloy and the brazing time- 
temperature cycles upon the microstrue- 
ture of the high-temperature alloy. These 
were correlated with the results obtained 
from the mechanical tests 

Three ty pes of specimens were ey iluated 
by mechanical tests and metallographic 


exanunations These were: 

l Surface-Brazed Specimens \ thin 
coating of the brazing alloy was applied to 
the surface of fully machined V-noteh and 
smooth-bar rupture specimens. The prop- 


erties of these specimens were evaluated 
and compared with those of blanks which 
were subjected to identical machining and 
heat-treating evcles but were not coated 
with the brazing alloy Both sets were 
tested in three conditions of heat treat- 
ment performed after the brazing evele 
These and additional tests made it pos- 
sible to determine the individual effeets of 
the brazing cycles, the postbrazing heat 
treatments and the presence ot a thin coat- 
ing of the brazing alloy upon the proper- 
ties of the A-286 alloy 

2 Butt-Brazed Bar Specimens Par- 
tially machined smooth-bar rupture and 
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tensile specimens were butt brazed using 
several combinations of furnace belt speeds 
and brazing clearances. The effects of 
these brazing variables were evaluated by 
metallographic examinations, rupture tests 
at 1200° F and short-time tensile tests at 
room temperature, 1200 and 1300° F 

3 Double -Lap Sheet Spec mens Sheet 
samples were prepared and brazed to form 
double-lap — tensile specimens. Shear 
strengths of the joints were determined at 
room temperature, 1200 and 1300° F 
These tests were performed on joints hav- 
ing two different clearances and = after 
three postbrazing heat treatments 

The results of the investigation indicate 
that the brazing time-temperature cycle 
somewhat impairs the 1200° F rupture 
properties of the high-temperature alloy, 
but that these properties can be largely 
recovered by proper postbrazing heat 
treatment. Microstructural changes in- 
troduced at the surfaces of the base metal 
by the brazing alloy were shown to result 
in superior elevated-temperature proper- 
ties. The strengths of the brazed joints 
were satisfactory, but not as high as those 
of the base A-286 alloy 


Introduction 

Brazing for joining jet engine compo- 
nents tooperateat elevated temperatures 
has become significantly useful during 
recent vears. Factors contributing to 
the use of brazing in these applications 
have been the development of furnaces 
capable of protecting surtaces to be 
brazed and the development and utiliza- 
tion of brazing alloys possessing good 
strength and oxidation resistance at 
elevated temperatures. 

Without exception all the iron-, nickel- 
and cobalt-base alloys commonly used in 
high-temperature applications contain 
10 to 20% chromium. Some of these, 
particularly the newer iron- and nickel- 
base alloys, also contain 1 to 3% of 
readily oxidized elements such as alu- 
minum and titanium. The presence of 
these elements has seriously interfered 
with the procurement of consistently 
sound brazes in the past, presumably due 
to the formation of oxides at the sur- 
faces which prevent uniform wetting by 


brazing alloys. 
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This oxidation obstacle to successful 


brazing has been partially overcome 
through the use of very dry hydrogen 
atmospheres with dew points of —60° F 
and lower. This atmosphere generally 
affords adequate protection to alloys 
containing only chromium but does not 
adequately protect those containing sub- 
stantial amounts of titanium and alu- 
minum. For these latter alloys it is 
generally necessary to plate the surfaces 
to be brazed with iron or nickel. Braz- 
ing in vacuum is also being investigated 
as an alternate means of atmospheric pro- 
tection. It appears that extremely gov wl 
vacuums will be required to successfully 
braze alloys containing appreciable 
amounts of aluminum and titanium. 

A number of brazing alloys which 
appear to have good elevated tempera- 
ture characteristics have recently been 
developed and used for such components. 
These alloys generally contain a nickel 
base, a substantial amount of chromium 
and a few percent of elements such as 
boron or silicon which substantially 
lower their melting temperature ranges 
These brazing alloys generally require 
brazing temperatures of about 2100° F or 
higher for satisfactory flow character- 
istics. An early investigation covering 
the utilization of one such brazing alloy 
and the use of dry hydrogen atmosphere 
was reported by Peaslee and Boam! in 
August 1952. 

The present paper will deal with a 
Ni-Cr-B brazing alloy specified under 
AMS-4775 when used to join A-2S6, 4 
widely used elevated-temperature, iron- 
base alloy specified under AMS-5735 
All the brazes were performed in a con- 
tinuous-belt furnace filled with a dry 
hydrogen atmosphere. Although 
contains about 2% titanium, it was possi- 
ble to obtain sound brazes without. re- 
sorting to plating of the joining surfaces. 

The primary purpose of this investiga- 
tion was to determine the effects of the 
heat-treatment cycle used brazing 


WELDING RESEARCH SUPPLEMENT 


4 
a 
J 
V 
t 
‘ 
(4 
a! 
in 
p 
Fi 
b 
d 
A 


(A) Surface of A-286—heavy concentration of 
fine dark constituents near surface 


Fig. 1 
A-286 alloy. X 250. 


upon the properties of the alloy. This 
seemed necessary because the brazing 
temperature of 2100° F is considerably 
higher than the highest heat-treating 
temperature 
for the alloy Also earlier tests had in- 
diented that A-286 suffered a severe 
loss in room- and elevated-temperature 
ductility when brazed in 
The reduced ductility was be- 


ordinarily recommended 


a bate h-type 
furnace. 
lieved to be at least partially caused by 
the relatively long exposures to elevated 
temperatures that had been used. It 
was thought that shorter brazing cycles 
could be most easily evaluated in a 
continuous-belt furnace. 

If deleterious effects were still to result 
from the shorter brazing cycles, it was 
desired to devise postbrazing heat treat- 
ments which would alleviate these effects 
These effects were investigated by sub- 
jecting blanks to the brazing heat-treat- 
ing evcle and to a number of postbrazing 
heat treatments. 
tensile tests, creep-rupture tests and 
short-time tensile tests at 1200° F were 
conducted on these specimens. 


Room-temperature 


A second purpose of this investigation 
Was to attempt to determine the effects 
of alloying with the brazing alloy upon 
the properties and microstructure of the 
base metal. For this purpose brazing 
powder Was applied to the surfaces of 
fully machined blanks and these blanks 


(A) Surface of specimen that was machined 
after subjection to surface preparation and braz- 
ing heat-treatment cycle—no excess constituents 
present ct surface. 


Fig. 2 
brazing alloy applied to specimens. 
duction) 
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(B) Interior of A-286—relatively free of fine 
excess constituent. 


Effects of surface preparation and brazing cycles on microstructure of 
(Reduced by one-half upon reproduction) 


were passed through a typical brazing 
cvcle Both smooth-bar and V-notched 
rupture bars were treated in this fashion 
In addition, fully machined blanks were 
passed through the brazing cycle but 
These 
controls 
of these samples were then tested in creep 
rupture at 1200° F 

\ third purpose was to obtain in- 


with no brazing powder applied 


latter samples served as 


formation as to the strength of brazed 
joints under tension and shear stresses 
These properties could sery 
toward establishing suita 
stresses for brazed joints to be subjected 
to these 


rupture strengths of butt joints were 


stresses. The tensile and 


determined by butt brazing partially 
macl ned bar specimens The shear 
strengths were determined from double- 


lapped jyomts made on sheet specimens 


Materials Investigated 
The AMS-4775 brazing alloy has a 
chemical composition approximately as 


tollows 


Carbon 


( 
Silicon, © 
Chromium a 17 
Nickel, 70 
Iron, } 
Boron % 4 


The solidus temperature of the alloy 


¢ 
- ‘al 
98 
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(B) Surface of specimen that was machined be- 
fore subjection to surface preparation and braz- 
ing heat-treatment cycle—excess constituents 
present at surface. 


Longitudinal sections of fractured smooth-bar rupture specimens. No 
X 250. 


(Reduced by one-half upon repro- 
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lies at about 1850° F and its liquidus 
temperature at about 1950° | Brazing 
bout 2100° F or 


s usually performed at 


higher because the has pro- 
nounced tendency to alloy with iron-, 
nickel- and cobalt-base alloys thereby 
raising its flow point The wide melt- 


ing range of this brazing alloy and tts 


erosive ettect upon ali alloys commonly 


used in present jet engine 


components 
make it mandatory to observe several 
precautions in order to obtain satis- 


factory brazes. These precautions have 


been discussed by Peaslee and 
Boam ind Rose and Lewis.* As 
summarized by Rose and Lewis, three 
such precautions are 

a) The rate of heating through the 
melting range must be rapid 

b) The time at brazing tempera- 


tures must be kept to a munimum 
The amount of brazing alloy at 
joints must be kept to a minimum. 
The A-286 high-tem 


an iron-base, preciy tation-hardening 


erature alloy Is 


alloy widely used at present in gas-tur- 
bine jet engines principally as wheel 
forgings, fasteners and sheet components, 
The nominal chemi omposition of 


the illoy POLLOWS 


Carbon, % 0 03 
\langanese, ©; 
Silicon, © 05 
Chromium, © 14.7 
Nickel, © 20.0 
\lolvbdenum 
Titanium 
Aluminum, 0.2 
\ im, ( O38 
Balance 
The alloy is usually solution heat treated 


from 1650 or ISO00° F and 1 
The 1650 | solutiolr heat treatment 
results in a grain size range of ASTM 7 


iplaly cooled. 


to finer than S and a hardness of about 
170 Bhi The 1S00° | 
treatment results in a grain size range 
of ASTM 3 to 8 and a hardness of about 


solution heat 


125 Bhn The solution heat treatment 
is followed by a precipitation-hardening 
heat treatment at about 1325 IF for 
16 hr and an 
treatment 
to about 300 Bhn 
effected 


precipitate 


cooled. The aging heat 
causes an increase in hardness 
Avge hardening is 
through the formation of a 
which is coherent with the 


face-centered cubic matrix 


Preparation for Brazing 

In common with other alloys con- 
taining titanium or aluminum, A-286 has 
poor wettability even under extremely 
dry and pure hydrogen atmospheres. 
Presumably this is attributed to the 
formation of oxides of these elements 
at the exposed surfaces under conditions 
ordinarily thought of as highly reducing. 
In the case of titanium there is also a 
distinct 


possibility that hydrides of 
titanium form and interfere with wetting 
characteristics 


367-s 
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Two methods of surface preparation 
have been used to circumvent this in- 
difficulty 


contaiming 


herent when brazing alloys 


titanium or aluminum 
These are the electrolytic deposition ot 
iron or nickel or deposition of nickel by 
electroless nickel plating’ onto the sur- 


faces to be brazed These methods are 


heing used with satisfactory results but 
are expensive, 

Alter considerable development work, 
method that did 


not require the use of plating or fluxes 


another was devised 
This method was based on the tentative 
that the reactive 
as titanium and aluminum could be pref- 


theory elements such 
erentially oxidized at the surfaces of the 
illo The oxidized laver could then be 
removed by chemical action to form a 
fresh surface somewhat depleted in these 
reactive elements and possessing suitable 
characteristics for subsequent 


This is the method used in this 


wetting 
brazing 


Investigation 


\ furnace with a very drv hydrogen 
atmosphere was used. It was a con- 
tinuous-belt furnace with a 5-ft long 


preheat chamber and a 5-ft long high- 
heat chamber. The belt speed could be 
varied from 10 to 150 fph. This fur- 
nace design gave the flexibility necessary 
fora variety of controlled heating eveles. 
The heating evele could be reduced to 
very. short that during the 
brazing cycle a minimum of 
oxidation occurred and diffusion to the 


times so 
ietual 
surface lavers was small. The furnace 
was capable of maintaining in the heat 
dew point 
—90° F 
leaving the 
All hydrogen 
vas entering the furnace was measured 
t 100 


zones dry hydrogen of —S0 
or better 


point of gas 


\leasurements of 
dew heat 


chamber were frequent. 


F dew pomt or better. 


The first series of tests was conducted 
by oxidizing A-286 specimens by heating 
in air and removing the formed oxide 
laver by a nitric-hydrofluoric acid dip. 
The specimens were subsequently brazed 
The 


results were not satisfactory. The oxides 


in hydrogen utilizing a fast evcle. 


formed by air heating were heavy and 
not selective, and the newly exposed 
surfaces repelled the brazing alloy and 
turned dark. 

A second series of tests was performed 
in the continuous-belt furnace using a 
hydrogen atmosphere of higher dew 
point (—40° F) to perform the oxidizing. 
The results appeared satisfactory in that 
a thin dark oxidized coating was obtained 
which seemed selective. A nitric-hydro- 
fluoric acid mixture was used to remove 
this oxidized surface laver. Brazing was 
then performed in the same furnace 
equipment using dry hydrogen of —SO 
The 


parts were well wetted by the brazing 


F dew point and a rapid cyele. 


successfully to 17-7PH alloy which con- 
tains about 1% aluminum. It appears 
to be useful for alloys which contain no 
more than a total of about 2% titanium 
and aluminum. 
value as it may be applicable to other 
materials, although it may be limited to 
furnaces which can be adapted to very 
short brazing eveles. 

The microstructure at the surface of 
A-286 which has been passed through the 
brazing furnace is shown in Fig. 1A 
Figure 1B shows a typical microstructure 
at the interior of the alloy. The larger 
gray particles with the dark boundaries 
are TiC (or high-carbon titanium car- 
bonitride), a constituent always present 
Smaller particles of an 


The mechanism is ot 


in the alloy. 
excess constituent not normally seen in 
the 
surface and extend to a depth of about 
0.0025 in. This excess constituent has 
not been identified but is believed to be 


microstructure are present at the 


a titanium compound. 


alloy and the color of the A-2S6_ re- ‘ 
mained bright. These tests were re- Effects of Brazing Cycles on 
peated and the results were always Properties 


satisfactory. It was desired to determine the effects 


A slower brazing evcle was later used of the brazing heat-treating cycles upon 
the tensile and rupture properties of 
the AMS-5735 alloy. Such data 
required because the high temperature 
of the brazing cevele (2100° F 
than that 
recommended for the alloy 


in an attempt to determine if selective 
oxidation ot specific alloving elements were 
that a 
slower cevcle would cause more rapid 
diffusion of the aluminum and titanium 
to the surface and would result in a poor 

braze or a darkening of the 
surface. There definite 
for the latter to occur 


was responsible. It was felt 
Is COn- 
ordinarily 

Based on previous investigations, it was 
thought that the high 


associated with brazing would result in 


siderably higher 
quality 
metal 
tendency 


Was temperatures 


The use of controlled oxidation and excessive grain growth which lowers 
acid removal of the resultant laver on tensile strengths and = gives inferior 


rupture ductility and notch life. 

Blanks were machined to ! 
shoulders by 
tions and passed through the brazing 


the A-286 alloy was important to the 
brazing of this material and gave satis- 
factory results later 
This method also 


-in. diam 


performance. in. diam reduced sec- 


has been applied 


Table 1—Partially Machined Blanks 


(A) Stress rupture tests 


Rupture life, hr Elongation, Reduction 
Heat treatments notch Smooth of area,‘ 
\. 1800° hr-—oil 1325° F--16 hr--air S00 120 10.0 23.0 
B ©.* 1325° F—16 hr—-air OS 2.0 7.9 
( 1650° hr--oil + 1325 ° F--16 hr —air 2020 171 6.2 18.2 
1) F oil 1325° F--16 hr -air 161 176 6S 16.7 
(B) Short-time tensile tests 
0.2¢% 
offsel offset Ultimate Reduc 
Te mpera- jield yield tensile Elonga- lion 
ture. strength, strength, strength, tion, of area, 
Heat treatmen ps pst psi 
1s00° F hr —oil 1325° F -16 hr 7S 87 , 000 105,000 156,250 21.5 16.4 
B. B. C.* + 1325° | 16 hr -an 78 68,800 93 000 141,500 24.5 26.9 
1650° F-—1 hr —oil -16hr oan 7S 74,300 94,000 142,700 25.0 34.1 
1800° F 1 oil 16 hr 7S 67,200 94,000 143,200 26.0 34. 1 
| 1 hr oil 1325° 16 hr air 1200 76,500 94,800 115,000 12.5 25.0 
BBC 1325° F—-16 hr--an 1200 71,000 87 400 108 11.6 
1650° oil F oan 1200 67,100 OL, O00 110,700 17.3 3 
D. B.C." 1800° F-—1 hr —oil 1l6hrs 1200 69,200 86,000 107,900 15.1 20.2 
* B C.. brazing cycle (no brazing alloy applied 
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ve | 
ide 


furnace but no brazing alloy was applied 
heat treated 


in air atmosphere furnaces and 


These were solution and 
aged 
machined to standard specimen geom- 
etries. The smooth-bar rupture speci- 
mens were 0.195 in. diam by 0.S in. gage 
length. 


were 0.275 in. major diameter by 0.195 


The notched rupture specimens 


in. minor diameter. The notches were 
0.005 in. radius at the base of the 
The notch 


a theoretical stress concentra- 


notch 


by a 60 deg angle vreometry 


results in 


tion of about 4.2. Several jet engine 


manufacturers specify that su h notched 


specimens must have longer rupture 


lives than their counterpart smooth-bar 
alent testing 


specimens under eyuiy 


conditions in order for the material to 


be acceptable The tensile specimens 


were machined to 0.252 in. diam by 2 
length 

The rupture specimens were tested in 
conventionally designed furnaces utiliz- 


in gage 


ing zirconia cores and nichrome windings 
Axial loads of 60,000 psi were 
through a 10 to 1 lever arm 
were held at the test 
1200° | approxim 
loading. The tensile 
Riehle 
chine at head speeds of 0.05 ipm to be- 
the 0.207 vield strength and at 
0.1 ipm to tracture 

The results of the rupture and tensile 
tests are shown in Table 1 (A 
The properties of conventionally heat- 


ipplied 
Specimens 
temperature ol 
itely one hour before 


specimens were 


pulled In a tensile testing 


vond 


and (B 


treated specimens trom the same heat 
are shown for comparison 
It can be observed that th 


evele has caused a 


brazing 
marked increase in 
the smooth-bar rupture strength. If no 
intermediate solution heat treatment is 
used, however the rupture duc tility and 
V-notch 


These results were not unexpected based 


rupture life are quite low 
on past experience with the allov. The 
rupture thus 
affected by the high temperature of the 


properties deleteriously 


brazing evele can be largely recovered 
by resorting to an intermediate solution 
heat treatment at 1650 or ISO00° F 
The rupture life remains high when com- 
pared to that of the 
heat-treated material 
The tensile-test data that the 


brazing cyve le has resulted in lec reases 


conventionally 
show 


in vield and ultimate strengths and ten- 
sile ductility at room temperature and 
1200° |} The ductility can be 


recovered by an intermediate solution 


largely 


heat treatment but the loss in strength is 
This is believed due to the 


large grain size resulting from the high 


permanent 


temperature of the brazing cycle 


Surface-Brazed Specimens 


The tests on the 


machined samples had showed the effects 


previous partiall 
to be expected from the brazing cycle 
In practice, however, it is often 
alter 


alone 


undesirable to machine surfaces 


brazing. In order to more close! 
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ual brazing practice, a set 


notched anc hree smooth-bar 


rupture specimens were completely 


passed 
the brazing f nace without 
\ duplicate 
SIX specimens was also machined \ 
thin alloy 
impli d to the urtace ot the 


the smooth-bar 


machined to finished sizes and 
through 


further preparation set of 


couting ng Wis 


entire ed se 


specimens and in t f the 
braz ne 


notched-bar 


Wits ipplied I he { m ola paste 
gy fine brazing 
lloy mixed w binder 


The 


oOrganie 


particle size aried 


100 mesh, 20°, of which was 


trom 
than 320 mesl organ 
merely serves te ment the particle 
together 
| 


After the brazing ele 


lized earl 


these 
mens showed uniform increases in diam 
0.003 from the 


eter of to Draz 


» Since the coating was thn 


forn neither the notcehed-bar 
concentration 


These 


<tress 


nor its 
lnctor Was inged 
surface-brazed spe 
tor two rensons 
resulting miucrostru 
second to determ 


the brazing 


rupture properties 
\ | twelve spe 


brazing \ Cs The \ 


ns were exposed to 
were 


different heat 


uently given three 

n rupture units 
at 1200° F and 60.000 psi The solu- 
tion heat treatments at 1650 and 1800° I 
were inder dry hydrogen and 


the re | ] 


ill itmospheres 


pertormea 


were performed it 


The results of the 
Table 2 


the brazed specimens were 


rupture tests are own in 


calculated from their cross-section area 


ifter brazing 
There is considerable doubt as to the 


reliability of the two figures marked wit] 


the letter ID, particularly the V-notch 


test 


there od Cor! 


smoot! 


hr. Generally 
elation between 
ture and V- 
Based 

aren of the 
notched speci- 


the neighbor- 


unbrazed speci- 
those in Table 
the smooth bar 
be significantly 


ductility and V- 


cl 


\ 


ot believed to 

There are in- 
it definite con- 
that this 
ace reactions 


ected 


Changes at 
Ve been ob- 
Figures 2A 
iphs of longi- 
mm fractured 
mens. Figure 
ned after 
The 


were 


CVCIC. 


men 


Sper 
7lhr). Figure 
hined prior 
brazing cycle. 
orted in Table 2 


fferences in struc- 


WwW highly 


ostbrazing 


es of the sam- 


pro- 
heat 


pture properties. 


ing solution heat 


more attractive 
rties for most 
nee of the braz- 

we Was bene- 
operties The 
better ductilits 


ile hoth V-notch 


ol 
brazed with the 
he brazing com- 
deposited to a 


Table 2—Surface-Brazed Specimens 


(Condition 


No br 


srazed 
C.* + 1650 
rapid Cool 
16 hr ii! No braze 
Br ized 
B. C.* + 1800° | 1 hr 

rapid cool + 1325 


16 hr ur No braze 


Brazec 


Reduc- 


tion 


B. C., brazing evel 
Doubtt 


il results 


ela 


Paty 

simulate that ruptured in 7 

of three 
eee reduction of area at ee 

notch rupture life for t ie 

on the 18.06 reducti 

-bar specimen, tl 

men should have failed 

hood of 1000 hi 

If the results fro 1 the Saleen 

nens are compared wit 

owel The rupture 

notch rupture lives are 
be appreciabl hanger 

usions but it is sus} ee 

luring the brazing 

such ¢ Ost sul es 

nd 2B are photomuicre 

tual sections it 

smooth-bar rupture spe es 

iy 24 is of a specimen mall 

and submiutte to the braz 

test results from this ogee 

repared 2B is of a specimen tu ae 

rve thi to passing through t ae 

res and The test results were re A 

tively 208 hi Vote the dite 

iticeably affect ture evident at the surfa 

tl 

These data also sh 

ounced effect ol 

treatment results na 

ombination pro] 

ipp itions Phe pre 

ng mpound at the 
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razed saumiplies posses 
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Microstructura ey 
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Fig. 3 Microstructure of surface- 
brazed specimen of A-286_ alloy. 
X 250. (Reduced by one-half upon 
reproduction) 


thickness of 0.001 to 0.0015 in. As 
would be expected from the high brazing 
temperature, the grain size was large. 
A phase foreign to the alloy, presumably 
a high B compound, was observed to a 
considerable depth (see Fig. 3). 
Throughout the matrix this phase ex- 
tended to a depth of about 0.005. to 
0.009 in. and along grain boundaries to a 
depth of 0.010 to 0.014 in. The samples 
solution heat treated after brazing ap- 
peared to show about the same or slightly 
greater penetration of this phase in- 
dicating that very little, if any, addi- 
tional diffusion took place at the solu- 
tion temperatures. 


Brazing Variables and 
Microstructure 

The effects of varying initial brazing 
clearances upon the microstructure at 
the brazed joints are shown in Figs. 4A 
and4B. Asthe clearances are increased, 
pronounced microstructural differences 
at the joints. At very 
small clearances of somewhat less than 
0.0003 in., the joint is filled with a 
homogeneous-appearing single phase. 
As the original clearances are increased 
up to about 0.002 in., increasing amounts 
of two additional constituents are ob- 
These 


two excess constituents are observed at 


ure observed 


served at the centers of the joints. 


clearances as small as 0.0003 in. under 
Figure 4B 
is of a braze made with an original clear- 
ance of 0.0005 in. which shows these 


these conditions of brazing. 


The large massive con- 


stituent is quite hard and is easily ob- 


constituents. 


served ih as-polished specimens, The 
other constituent, which has a mottled 
appearance, is somewhat softer and is 
with difficulty in as- 
The harder con- 


observed only 
polished specimens. 
stituent is quite easily removed during 
polishing unless careful procedures are 
followed, Butt-brazed tensile specimens 
usually fracture through these constitu- 
ents. It advisable to utilize 
clearances as small as possible, consistent 
with good filling, to minimize the 
amounts of these constituents. 


seems 
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(A) Joint brazed with an estimated original 
clearance of less than 0.0001 in. Joint is filled 
with single-phase material. 


Fig. 4 Effect of brazing clearances on 
(Reduced by one-half upon reproduction) 


The extreme erosive action of the 
AMS-4775 brazing alloy upon the base 
alloy is indicated in Figs. 44 and 4B. 
Kven with very small clearances and 
short brazing times, the original inter- 
faces of the base metal are widened 
markedly. Diffusion of elements from 
the brazing alloy into the base metal also 
occurs rapidly as shown by the presence 
of chains of foreign constituents prin- 
cipally in the grain boundaries of the 
base metal. 

The effect of varving the time at braz- 
ing temperatures upon the microstruc- 
ture are shown in Figs. 5A and 5B. 
butt- 
brazed tensile specimens at the fracture 
Both of these samples were pre- 
heated to 1SO00° F and brazed at 2100° F 
utilizing zero clearance. The higher 
belt speed (Fig. 54) corresponds to a 
time of 3°/, min and the slower belt 
speed (Fig. 5B) to a time of 15 min in 
the high-temperature zone of the furnace. 
Observe the marked differences in the 
amounts of foreign phases at the grain 
boundaries of the base metal. At the 
comparatively low belt speeds of 20 fph, 
fractures frequently occurred through 
the grain boundaries of the base metal, 
i.e., entire grains were plucked out of the 


These are photomicrographs of 
| 


edges. 


7 ~ 


(A) Belt speed—80 fph (3°/, min brazing time). 
Little diffusion of brazing alloy into base metal 
is apparent. 


Fig. 5 Effect of belt speed on microstructure of butt joints. 


one-half upon reproduction) 
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oa, 


(B) Joint brazed with an estimated original 


clearance of 0.0005 in. Material in joint con- 
sists of three distinct phases. 


microstructure of butt joints. X 500. 


base metal during fracture. A typical 
example of this is shown in Fig. 6. This 
mode of failure was not observed at 
faster belt speeds of 40 and SO fph. 


Butt-Brazed Specimens 

Butt-brazed specimens were prepared 
by machining blanks, 2'/2 in. over-all 
length to %/,5 in. diam by 1'/, in. at one 
end and */s in. diam by 1'/, in. long at 
the other. At the end of the * s-in. 
diam section, a 45-deg chamfer was 
machined to a depth of 0.020 in. Each 
such blank constituted one-half of a 
final butt-brazed specimen. Each pair 
of blanks was provided with a */s-in. 
ID by !/:in. OD collar. A ?/s-in. diam 
hole was drilled into the collar for the 
braze-metal deposit and a '/,:-in. diam 
hole for gas escape at a diametrically 
opposite position. 

The collars and blanks were brazed 
after assembly under various conditions 
of belt speeds and clearances. These 
were subsequently heat treated at 1650° 
F—1 hr—oil quench + 1325° F—16 
hr—air cool in air atmosphere furnaces 
and machined to standard tensile and 
smooth-bar rupture specimens. 

Of the conditions investigated, the 
best joints were obtained with a preheat 


(B) Belt speed—20 fph (15 min brazing time). 
Brazing alloy has diffused comparatively large 
distances into base metal and has formed semi- 
continuous chains of precipitate at grain boun- 
daries. 


X 500. (Reduced by 
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of 1700° F, 
clearance of 0.0015 in 


i belt speed ot 40 fph and a 
This belt speed 
corresponds to a time of about 7 min 
in the high-temperature zone of the fur- 


nace, Joints brazed at lower belt speeds 


or smaller clearances were generally in- 
completely filled. It that the 


poor filling was attributable to inade- 


was felt 
quate design of the specimens. Because 
of the wide melting range and alloving 
tendency of this brazing alloy, it is de- 
that th which the 
brazing alloy is applied be the last part 
of the joint to be heated to the brazing 
This 


sirabl region in 


temperature. desirable feature 


Double-lap shear s} 
pared from a 0.065-in 


286 alloy rhe sheet 


test specimen, spot welded 
cleara we to an ove Lid] OI 
in., and brazed. The 
heated to 1400° ] 
speed of SO fph whic! 

tink ibout ) In 
temperature zone of the 1 

Some of these s 


Fig. 6 Portion of fracture of butt- 
for lo min at 


by 6-1n. lor 


Double-Lap Shear Specimens 


ecumens were pre- 


thick 


is SI 


DLleces, 


| 


ibled to each 


5 imple s were pre- 
d br ized at a belt 
orresponds to a 


‘les were solutioned 


furnace, 


nd some for 15 


sheet of A- 
wared to 1- 
Three 


with zero 
ibout 0.070 


the high- 


; brazed joint that has proceeded 
was not met in the joint design used : . 
The properties obtained on the butt- through grain boundaries of the base 
brazed specimens are shown in Table metal f MS 
3 (A) and (B). The conditions under Belt speed was 20 fph (15 min brazing time). Table 4—Shear Strengths of AMS- 
which the testa were made were identi- X 500. (Reduced by one-half upon reproduc- 4775 Joints 
tion.) 
cal to those described previously Shear 
stress 
per- at frac- 
Table 3—Butt-Brazed Specimens , ture 
1325° F-16 hi 
T'empera- Rupture Reduction 5 36,300 
fure. Stress Elonaatior of area, 38. 100* 
ps hy 75 19, 100 
1200 60,000 4 0.9 1.5 1200 27 , 400 
1200 50,000 0.0 0.0 1300 29,700 
1800° } hi 79 13,200 
B Short-time tensile tests fact 31.700 
0.026 01° 0.2 1325°F—16 |} 1300 34,500 
offset offset off se / nat Redu ill 1300 31,200 
Tempera- nald 1650° I hr 75 15,700 
ture. strength, strength, trenat} frength in ea fas ) 1200 35,050 
psi psi nes ( 1325° F—16 hr 1200 33,000 
78 60,700 89 200 90.200 01 o0 1300 31,600 
1200 66, 100 80.200 85,000 95.800 0.9 1300 34, 900 
1200 61.700 $4,100 89 200 92 200 10 1.6 
1300 72,000 SO, 400 81.100 0.1 0.0 * Joint not omplete filled —shear 
strength cal filled are 


The 
brazed samples 
band for A-286 but are 
Because the brazed joints are consider- 
than the metal, it is 


expect extremely low 


strengths of the butt- 
scatter 


ruptur 
are below thi 
reasonably high 
ably weaker base 
reasonable to 
ductility 
le neth 

times thi 


measured over a 
SCVE ral 


when 
hundred 
This ts 


e to the ductility values 


about O.S in 

width of the 
equally applic abl 
reported for the tensile specimens The 
offset vield strengths 


extensometer so the 


were measured 


with a 2-in. values 


reported in Table 3 B would he mecus- 
\-286 alloy strength. 


room-temperature test, the 


ures of the 
eent tor the 


strengths are | 


about the 
those report d by Peaslee and Boam for 


tensile same as 
8-590 Allov brazed with an alloy covered 
by AMS-4775 under far different braz- 
ing conditions. Peaslee and Boam, 
however, obtained much higher values 
of ductility. This may be because they 


were dealing with a weaker base 


metal 
The rupture properties cannot be di- 
rectly compared with those obtained by 
Peaslee and Boam on butt-brazed S-590 
at 1500° F but it appears as though they 
would be comparable at the same tem- 
perature. 


1957 


Fig. 7 Photomacrograph of double-lap brazed specimens showing varying 


amounts of overfill 
Observe the highly erosive effect of the brazing alloy upon the base metal. 


X 3.5. 


et al.—Ni-Cr-B Brazing 
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min at IS0O° F in a drv hydrogen at- investigation on the brazed sheet are alloy. The reduction in- properties 
mosphere. The remaining few were comparable or slightly higher. A part however, can be almost completely re- 
not solution heat treated after brazing. of this difference may be very well due covered by using a postbrazing solution 
All were later aged at 1325° F for 16 to differences in the design of specimens. heat treatment. 

The A Ni-Cr-B brazing alloy” produces 
appearance of these samples after a light Conclusions pronounced microstructural changes i 
macroetch is shown in Fig. 7. Observe A technique has been established the A-286 alloy by diffusion. The 
the large amount of erosion or alloving which makes it possible to obtain con- presence of this diffused zone at the sur- 
which occurred in the areas where the sistently sound high-strength brazed faces of the alloy appears to result in a 
brazing-alloy powder was applied. joints in a high-temperature alloy con- slight improvement of the base metal’s 

The specimens were machined to a taining titanium which does not require rupture properties. 

by 2-in. reduced section plating of the surfaces to be brazed. An indication of the short-time tensil: 
alloy was removed The suecess of this technique is based on strengths and rupture propertics of 


hr in ai atmosphere 


O.375-in. wick 
The excess brazing 
by filing. All specimens were pulled to the tentative theory that reactive ele- butt-brazed joints and short-time she 
fracture at a head speed of 0.05 ipm ments in a surface laver can be prefer- strengths of lapped joints has been ob- 
The resulting shear stresses were caleu- ‘ntially oxidized by a suitable heat tained. These properties are satisfac- 
lated from the joint areas measured after treatment. The oxide is then remove tory for high temperature performanc 
fracture. The results of these tests are chemically. The newly exposed sur- In general they compare well with pre- 
shown in Table 4. faces possess satisfactory characteris- viously published results and should be 
Peaslee and Boam obtained shear ties for brazing drv hydrogen at- useful from a design standpoint 
strengths of AMS-4775 when used to mospheres, A short) brazing cycle References 
join S-590. Their shear specimens were appears necessary in order to avoid 
ements roperties for 


f the tongue and slot double-shear type further diffusion of the reactive el 
They obtained values of about 42,000 from the interior into the surface. 


pst at room temperature about 30,500 The brazing heat-treatment evele 


psi at 1200° F and about 29,500 psi at leleteriously affects the room and ele- 
300° F. The values obtained in this vated temperature properties of A-286 


QUALITY CONTROL OF STEELS 
FOR WELDED PENSTOCKS Continued from page 365-8) 


under load, and so that there is no Second, the weld should have as uniform there should be no fisheyes or other 
danger of electrochemical corrosion. microstructure as possible. — Finally, porosity in the weld metal. 


Table 4—Comparison of Three Types of Tests on Seven Class A Steels, As-Received 


Kon merell test 
Steel Kuntze lest* Bend angle, Sharp notch-impact va 
Reduction of area, in impact tension deq, (peo Thickness, mka 
Notched nnolched al fracture fracture in. 

10.5 130 Ductile 

11 2 oo. 170 Duetile 

1605 152 Diuetile 
130 Duetile 
113 
23 140 Britth 
2 2 Brittle 


innotched Kuntze reduetion of area of 22°, is regarded as minimum 
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PROBLEMS ASSOCIATED WITH 
THE WELDING OF T-1 MATERIAL 


Some of the problems that have been encountered in 
field welding T-1 steel are described and the tests undertaken to 


find a solution to these problems are discussed 
BY PERRY C. ARNOLD 


Introduction Linn nd meta have of the 
Several large pressure vessels have beet tor irs xcellen ! bled nto 
built using T-1 material. W 1) tought can from quenched ol y machines 
Doty! has given the properties and char- tempered material. They have re to be us 2016 nicke 
acteristics of T-1 » P. Zick? pre- el 0 materia mol elect Was chosen 
sented the design pressure \ sively d otl encoun- Tl au Vas 
vesseis using quen hed and tempered red ryings to jo he sections In acco! ree t! IX and Case 
steel, and ( Bibber described velding w-hvdro- 
the suitability of this material for pres- ~ lectrodes: tha re on the market 
sure vessel construction The ASMI Cth) these oug materi can be n 1} lits tests made by the 
Unfired Pressure Vessel Code rr readily welded if the 1 tallurgi il prop- ! preheat was thought 
1204-3, approved its use with certain erties are given due nsideration and Oo Db INNeCeSssal electrodes 
limitations the correct welding procedure is used re st lu | r oven at 300 to 
The purpose of this paper is to describe Much of the story of this paper concerns r the und welding of 
some of the problems that have been this very important welding procedure SEK ( isional transverse 
encountered in field welding T-1 and to er radiographic exami- 
acquaint industry and the code regula- lati hi ks were con- 
tory bodies with the solutions of these ‘igure i lecture ol two ained within the weld metal but ocea 
problems. It should be clearly under- 1. diam nspl mad S10 in into eat-affected 
stood at the very beginning that to 73 thiel T-1 1 rial ( racking minated by 
date no trouble has been encountered ‘rected in Tokyo, Jay The design en! velds suff tly to lowe 
with the T-1 material. but only with the ress Was 4 ; ld multiplied by a 1e longs idinal shrinkage stresses which 
weld metal The trouble appeared © jon actor, or 52,400) psi The ! illing tl veld metal in two 
in the form of transverse cracking in WOPrKINZ pres ? psi and the ru » ws these ground sections 


weldments made in the field under con- \ ad pneumatically at pei CO Tina 


struc- 
ditions of high restraint and unfavor- 7 | ch of these vessels store = ere I d, the clos- 
able weather conditions ipproximately 3,500,000 cu ft of manu Ing jou vere led and radiographed 
factured The \ fabric ited nti hrs fil eT ! reumiferentia 
here in ie States and field erected i joint. that is velded hetween the 
Tokyo by the Ishikawajima Heavy “quator and bott wer sixty 
Industries under the supervision of tl ransverse cracks were found. Mam 


the eve 


Fig. 1 Two 110-ft 6-in. diam T-1 spheres ~— in Mbox Fig. 2. Ground assembly of T-1 sphere plates 
Japan 
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- 
po 
in P idelphia, Pa April S12 author s company of the cracks were visible to | oe 
~ 
— 


Fig. 3 Assembly of T-1 sphere 


while others were visible only in the 
radiographs. 
Reproducing Difficulties in Laboratory 

Directly after encountering this trans- 
verse weld-metal cracking in the ground 
assemblies in Tokyo, a test program 
was started in the laboratory here in the 
States to evaluate this condition. 
Small test plates of a size normally used 
for procedure qualifications were again 
welded in all positions without preheat 
and with 75° F interpass temperature. 
No cracks could be manufactured in 
this manner. Since the cracking prob- 
lem in Tokyo did not become serious 
until the first circumferential joint was 
welded, it was felt that the high restraint 
from joining large sections together was 
a contributing factor. A test was 
therefore designed that would provide 
high angular and lateral restraint. 

Figure 4 gives the details of the first 
method used in providing high restraint. 
This method provides angular, lateral 
and end restraint sufficient to cause the 
transverse cracking to occur on labora- 
tory size plates. Figure 5 shows another 
test method that was designed to pro- 
vide the necessary restraint. This 
method proved more satisfactory than 
the first because of the easier way of 
attaching and removing the test plates. 
Both methods give reproducible results 
which one must have before it is possible 
to start to solve the problem 

Figure 6 shows a radi wraph taken 
from one of the test plates that was 
welded in a restrained jig, using the 
12016 electrode. This plate was 
welded in the horizontal position, that is, 
the plate itself was kept in a vertical 
plane with the axis of the weld horizon- 
tal. This position Was chosen as this is 
where maximum cracking was experi- 
enced in Tokyo. The test plates were 
welded without preheat with an inter- 
pass temperature of 75° F and with the 
electrodes in the as-received condition 
but stored continuously in a drying 
oven at 300 to 400° F except at time of 
use. 

Figure 7 shows the test plate which 
was sectioned through the center of the 
weld. The longitudinal surfaces were 
macroetched and are also shown. Please 
note that not only are the transverse 
cracks that were shown in the X-ray 
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Fig. 5 Second method used to provide high restraint 
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present l many small fissures 
Or MICrOoCcracks It Is Telit that the large 
transverse cracks are extensions of the 
microfissures. These microfissures can- 
not be found by radiography They can 
also be present in a weld without the 
accompanying visible transverse cracks. 
More will be said about this later when 
the explosion bulge tests are described. 
Figure 8 is a photomicrograph of these 
fissures. It was found that the fissures 
alwavs had their origin and were nor- 
mally contained in the heat-affected zone 
in the weld metal resulting when a weld 
head was placed on top ol another weld 
bead. 
Elimination of Difficulties 
After learning how to produce these 
cracks at will, other electrodes in the 
120, £110, E100 and E90 series were 
evaluated With only one exception, 
of the various weld metals showed 
crofissuring to some extent. The 
he tensile strength, the more pro- 
was the microfissuring and 
when using the high restraint, 
no prehe it and 75° interpass tempera- 
ture. The one exception was an £12015 
dipped electrode which was found to 
contain only 0.03° moisture in the 
Fig. 7 Test plate sectioned and longi- coating. This was extremely low and 
tudinal surfaces macroetched about '/; the 0.20% normally contained 
in the other electrodes Upon contact- 
ing the electrode manufacturer, it was 
found that a dipped electrode could be 
baked out to a much lower moisture 


content than could an extruded one. 


The reason given was that when the 


electrode is made by the extrusion proc- 


ess, a slipping agent is added which 
contains a large amount of water 

vstallization If the electrode is 
baked at a high enough temperature or 
for a long-enough time to remove this 
moisture, the coating becomes so brittle 
that it will not stand up under shipping 


and handling conditions 


The low-moisture content was the 
first clue to a solution of the microfissur- 
ing and cracking. Some of the £12016 

Fig. 9 Longitudinal weld sections, welded with rebaked electrodes but no preheat electrodes were secured from Tokyo 


Table 1—Typical Chemistry and Physical Properties of Deposited Weld Metal as Welded 


Horizontal 

Reduc- 

lion 
Elonga- of 

Yield l Area 
10016 ( : : 7 100, 500 : 57 
10016 2! 61 
12016 Q7 36 23,500 16 
12016 5, 000 , 000 ; 53 
12015 f 75 76 3,500 , 000 15 


Flatdown 
10016 92 O00 96 , 000 , 55 
10016 91,500 101, 500 , 67 
12016 105,000 116,500 ( 16 
12016 110,000 121,000 2 60 
12015 113,000 124,000 7 57 
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Seo! 
10016 ELECTRODE-FLAT DOWN 
T-1 PLATE STEEL 200°-300°F._1.P-T. 
T 
ALL WELD METAL "505 TENSLE TESTS 
ci REBAKING TIME AND TEMPERATURES 


- = 4-HR 4-HR 
Fig. 10 Longitudinal weld sections, welded with rebaked 


electrodes and preheated 200 to 300° F Fig. 11 Tensile and elongation alata of all-weld-metal 


0.505 specimens vs. rebaking time and temperature of elec- 
trodes 


AWS elassification. In the horizontal 
position where smaller electrodes and 


should definitely never be rebaked at a 
temperature higher than 900° F or for 


ind rebuked at 850° F for 4 hr and found 
usable with a moisture content of ap- 


proximately 0.10% Figure 9 shows 
some weld specimens, after being sec- 
tioned longitudinally and etched, made 
with the rebuked ele trode, under high 
restraint, 75° F interpass temperature 
and no preheat. Only a few micro- 
fissures were evident. Since the rebak- 
ing of the electrode did not completely 
lve the fissuring tendency, other pro- 
cedure variables had to be evaluated 
The next variable added was to use a 
moderate preheat along with the rebaked 
electrodes. Figure 10 shows the sec- 


tioned and etched specimens Irom 4a 


less heat input is used, the tensile 
strength of the weld metal is from 5000 
to 12,000 psi higher than from the 
flatdown position. This higher strength 
from a faster quench rate in the hori- 
zontal position undoubtedly contributed 
to the more severe cracking tendency. 
Another interesting and important 
fact observed was that the tensile 
strength of the deposited weld metal 
from the rebaked electrodes could 
be greatly altered through the tempera- 
ture and time bake cycle. Figure 11 
shows a graph of the tensile and elonga- 


a period longer than | hr at this tem- 
perature. Moisture determination re- 
sults from these rebaked electrodes 
indicate that as much moisture is re- 
moved from the electrodes at 500° | 
for 24 hr as at 850° F for | hr. 


Additional Welding Considerations 

Since T-1 steel is a quenched and tem- 
pered material, some consideration 
must be given to the welding procedure 
used so that it will not impair the ten- 
sile and toughness properties of the 
steel. If too high a preheat is used some 


portion of the heat-affected zone may be 
tempered sufficiently to lower the ten- 


restrained plate made in the horizon- tion properties of all-weld-metal 0.505 
tal position using rebaked electrodes and 
i preheat and interpass temperature of 
between 200 and 300° F. The micro- 
fissuring completely disappeared. Other 
tests proved that 150° F was the mini- 
mum preheat that could be used and 


specimens vs. the time and temperature 
rebaking cycles. This clearly shows sile strength. There is also the pos- 
that these low-hvdrogen electrodes that sibility that the impact strength of this 
have most of the allovs in the coatings zone might be impaired. 


still eliminate all fissuring 
Many additional tests were made in | 
all positions to prove that the use of the | | 
over 150 completely solved the MEASURED AVERAGE LONGITUDINAL SURFACE STRESS IN WELD 
fissuring and cracking of the weld } ((T-1 PLATE-E-I1016 ELECTRODE HORIZONTAL POSITION) 
metal These additional tests showed = | i it | 
very satisfactory results. This pro- | 
cedure was then applied to the welding 90 ' 1.03"4 | 
of the spheres in Tokyo and the crack- | KA —_ 
ing of the weld metal was completely a | | | | | | 
eliminated. 70 ZY / 
In the interpretation of the physical 7 AA. \ / a 
results of the many tests that were made, ak Ze | 
some very interesting facts were noted. =| 50 z AS | | FROM BOTH SIDES | 
This will be of interest to both the weld- Zi S Cmigasureo STRESS PRIOR TO CUTTING PLATE LOOSE FROM) 
facturer. Table 1 shows the chemical USED WHEN WELDED 
and physical properties of the weld 5 Bi 4 EASURED STRESS AFTER RESTRAINT RELEASED-250°F. 
metal from five different electrodes — Pit. USED WHEN WELDED. — 
Please note that in the flatdown posi- Z RELEWED OME HOR 
tion where larger electrodes and higher Z ZZ =] | | 


heat inputs are used, the tensile strength 
of the weld metal is very close to the Fig. 12 Results of strain-gage measurements on restrained T-1 test plates 
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Several test plates of I-in. thickness 
were welded using a preheat and inter- 
pass temperature as high as 550° F 
Reduced-section tensile coupons tuken 
transversely to the joint did not show 
any drop in the tensile strengtl 
Charpy-impact specimens, both 
and keyhole, taken from the heat- 
affected zone, failed to show any impair- 
ment. It is quite possible and likely that 
there may be some impairment of the 
notch toughness of the heat-affected zone 
the stand- 
ard Charpy-impact tests. It must be 
realized that it is virtuall 

to locate the notch of the impact 
specimen in the microstructure of 
heat-affected zone that may have 
affected 

Nippes and Sibley,’ in’ then 
with synthetically reproduced micro- 
structures in T-1 material, have shown 


that would not be shown by 


POssi- 


that some impairment of the notch 
toughness can occur from the effer 

various peak temperatures and cooling 
rates, It should also be cic irl) 
stood that a 
material, such as described in this paper 


under- 


certain preheat on heavy 


might not disturb the cooling rate to 
anv great extent but the same preheat 
on light material might greatly alter the 
microstructure in the heat-affected zone 
In other words, a good policy to follow 
is to use preheat only when required 
to prohibit weld metal cracking, and 
then use it moderately 

In evaluating the necessity or advan- 
tuges of using preheat, several interest- 
ing tests were performed. Several re- 
strained test plates were welded with the 
10016 low-hyvdrogen electrodes which 
had been subjected to a sufficiently 
high relative humidits to cause them to 
pick up moisture to as high as 0.350; 
double the me 


found in most of thre 


This is almost isture 
content normally 
| 


high-strength electrodes as recelrved 


from the supplier. With a preheat and 
interpass temperature of 250° F during 


welding, no visible transverse cracking 


Fig. 13 Front side of window restraint jig 
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occurred. Several rebaked electrodes 
were exposed to a relative humidity of 
67% ata temperature of 75° F for differ- 
It was found that 
in the first thirty minutes of exposure 
the electrodes picked up about O.11% 
Therefore it is felt that pre- 


against micro- 


ent periods of time 


moisture 
heat is good insurance 
fissuring when there is the possibility 
of the electrodes picking up moisture 
from the atmosphere 

It is also felt that hvdrogen from the 
moisture in the electrode coating causes 
the microfissuring. Vaughan and De- 
\lorton$ 
subject of hydrogen embrittlement of 
steel It is an established fact that the 
addition of heat will drive off this hyvdro- 


have covered quite well the 


ven rapidly This undoubtedly an- 


other advantage of using preheat 
\lost welding engineers agree that pre- 
heat aids in two other wavs in prevent- 
ing the microcracking It slows down 
the quench rate of the weld metal 
thus making it more ductile, and at the 


same time tends to lowe! the residual 


welding stresses 


Fis 


1 


ure 12 shows the results nm ou 


vray form, Ol some strain gage meas- 


| restrained test plates 
SSeS ire shown 

= of restraint 

These are 

wo sides of 


stresses only 


vernuge stresses 

ind are 
These l-in. thick plates were welded 
in the horizontal position under high 
restraint using 11016 electrode 
Note that when the test plate was cut 
the 


loose from the restraining jig 
ipproximately 
Also note that preheat did 


i to have much effect in lower- 


<tresses were lowered 


15.000 psi 


» residual stresses under the high- 
restraint conditior It is also interest- 
ing to see that after stress relieving the 
test pl for one hour at 1150° F, a 
residual stress of approximately 15,000 
psi still remains in the surface of the 


weld. 


The ASME Code ¢ 
that any 
material of over 0.5 re in thickness 


shall be stress relieved. This automatic- 


se 1204-3 requires 


pressure vessels built of T-1 


illy eliminates the use of most of the 
1312015-16 electrodes that contain vana- 
dium. When this type of electrode ts 
used and the weld metal is stress relieved 

heat treatment 


mmbrittlement whicl 


parently produces 
greatly lowers 
impact strength the search for 
high-strength electrode that would 
weld metal tha uuld stand the 
stress-relieving treatment and not be- 
11016 elec- 


vdded. Wiis 


ome embrittled 
trode vith iron 
found. The as-deposited weld metal 
mately 79% nick 3 hromium, 
0.4507, molybdenum, 

Pre lure tests were 

positions using this elec- 

T-1 plates of 

large plates 

long trans- 

were left in 

was com- 

des and pre- 

lon these test 

impact tests 

is-welded and 

stress-reli d mdition The trans- 
verse reduced-secti isile specimens 
mostly failed i pls at close to 
120,000 | The elongation from free 


ind guided bend is exceptionally 


good and the impact strength at —50 


Navy Explosion-Bulge Tests 


-new E1L1016 electrode 
alification pro- 
ction LX of the 
there were 

iriables that could 
these tests Un- 
ded with most 
vth electrodes 


puss the code 


Fig. 14 Back side of window restraint jig 
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Fig. 15 Navy setup used in explosion 
tests, after Puzak and Pellini’ 


requirements. How would the weld- 
ments perform under shock or plastic 
loading? What effect did the restraint, 
moisture, microcracks and preheat have 
on the performance of the weldment? 
It was felt that perhaps the Navy explo- 
sion-bulge test might evaluate these 
variables, particularly the effect of the 
microfissures and small eracks that 
might be present in the weld that could 
not be detected by radiographic exam- 
ination 

The Navy Department was acquainted 
with these problems and unanswered 
It appeared that the well- 
known explosion-bulge test might be 
the only test that would evaluate these 


questions. 


variables. A cooperative test program 
was proposed to the Bureau of Ships for 
this additional evaluation The tests 
were conducted by the Naval Research 
Laboratory as part of a continuing 
Bureau of Ships program for investi- 
gating the factors which control the 
performance of welded alloy 
The Naval Research Laboratory was 
furnished test plates welded under var- 


steels. 


Fig. 16 Welded T-1 plates explosion tested at 30° F 
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ious conditions and using this new elec- 
trode. The assistance and cooperation 
of the Bureau of Ships and the Naval 
Research Laboratory were greatly ap- 
preciated. The following report and in- 
terpretations of the tests are those of the 
author and do not necessarily reflect 
the approval of the Bureau of Ships 
or the Naval Research Laboratory. 
Figures 13 and 14 show the plates being 
welded in the window restraint jig. 
Figure 15 shows the Navy setup used 
in the explosion tests and as shown by 
Puzak and Pellini® in their recent article 
on notch toughness. All explosion test 
plates were taken from scrap ends cut 
from the material that was furnished for 
the second set of two spheres that were 
erected in) Tokyo. All 
1.03 in. in thickness by 20 in. square and 
welded with the new E11016 electrode 
in the horizontal position. All plates 
were left in the as-welded condition. 
All plates except E'T-11 and E-T-12 were 
welded with the axis of the weld made 
parallel to the principal rolling direction 
of the plates. All plates are of firebox 
quality with maximum cross’ rolling. 
All welds were ground smooth for X- 
ray purpose but were not ground flush. 
Figure 16 shows the first four plates 
that were subjected to a various num- 


plates were 


ber of explosion charges of 7 lb of pen- 
tolite at a stand-off distance of 15 in. 
while at a temperature of 80° FP. ET-1 
was welded with electrodes as received, 
approximately 0.2007 moisture, with no 
restraint, no preheat and 75° F inter- 
pass temperature. ET-2 was welded 
with electrodes as received, with high 
restraint, no preheat and 75° F inter- 
pass temperature. ET-3 was welded 
with electrodes rebaked at S50° F for 
| hr, approximately 0.10°% moisture, 
with high restraint, no preheat 

75° F interpass temperature. ET-4 
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was welded with rebaked electrodes, 
with high restraint, and with a preheat 
and interpass temperature of 250° F. 
Test plate ET-1 contained a few micro- 
fissures. Plate ET-2 contained many 
more because of being welded in the 
highly-restrained condition, Soth test 
plates were found to be radiographically 
After two explosions, 
showed two small transverse cracks in 
the weld metal. Plate ET-2 showed 
thirteen transverse cracks ranging from 
small pulled places not quite to the sur- 


sound. 


face to an open one as long as * 4 In. 
All cracks were entirely within the weld 
metal and undoubtedly were the micro- 
fissures coming to the surface. Test 
plates ET-3 and ET-4 which did not 
contain microfissures due to the welding 
procedure used, satisfactorily passed 
two explosions without any sign of 
failure. 

All four test plates were submitted to 
a third explosion while at 30° F. A 
third transverse crack opened up in 
the weld of plate ET-1. The total 
length of the crack was 1' 4 in. and 
extended a slight distance into the plate 
material. In test plate E’T-2 one of the 
previously noted transverse cracks near 
the center of the test plate increased in 
size after the third explosion. The 
crack progressed into the plate on both 
sides of the weld, made right angle turns 
and stopped with a total length of tear 
of approximately three inches 

Test plate ET-3 failed under the third 
explosion by cracking open for the entire 
length of the bulge, right adjacent to 
the heat-affeeted zone. This is the 
plate that was welded using high re- 
straint and rebaked electrodes, but no 
preheat, and an interpass temperature 
of 75° F. No transverse or longitudi- 
nal cracks were apparent in the weld 
metal. 


Fig. 17 Welded T-1 plates explosion tested at O° F 
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Fig. 18 Welded T-1 test plates explosion tested at 
F. Axis of weld parallel to principal rolling direction 


Test plate ET-4 which was welded 
using high restraint, rebaked electrodes 
and preheat satisfactorily withstood 
the third explosion without any signs ot 
failure either in the weld metal or plate 
material. Test plates ET-1 and ET-4 
were submitted to a fourth explosion 
KT-1 opened up both transversely and 
longitudinally to the welds. E’T-4 with- 
stood the fourth explosion with no sigt 
of weld metal or plate failure. Plate 
was plastically strained or de- 


formed to a bulg 


mately 4 in. The reduction in thick- 
ness of the plate near the center of the 


e height ot Approni- 


bulge was approximately 22 


Explosion Tests at O° F 


In order to further evaluate the effect 
of the various welding variables, four 
additional test plates were welded and 
tested at 0° F The same plate materia 
was used along with the same E11016 
electrode and welding procedure. Fig- 

7 shows the second set ol pilates 

r the explosion tests. ET-5 was 
welded he same procedure us 
followed for ET-1 ET-6 was made 
similar to ET-: T-7 same as ET-3 
and ET-S duplicated ET-4 Summar- 
izing this procedure again briefly for 
clarification, ET-5 was welded with no 
restraint, with electrodes as received 
0.2007 moisture) with no preheat and 
an interpass temperature of 75° F 
was welded using the same pro- 
h restraint 
with high 
restraint, rebaked electrodes (0.10% 


cedure as for ET-5 except hi 


was used was welde 


moisture), no preheat and an interpass 
temperature of 75 KF. ET-S was 
welded using high restraint, rebaked 
electrodes, and a preheat and Interpass 
temperature of 250° F. 

After submitting each test plate to a 
7-lb charge of pentolite at a stand-oft 
distance 15 in., no eracks were ob- 
served After a second explosion the 


following was observed: 


Test plate ET-5 showed one 
transverse crack in the weld near the 
center of the plate Another transverse 


AUGUST 1957 


pulled place he weld was present 
indicating that a microfissure was 
trving to reach the surface. Two short 
longitudinal cracks were present in the 
heat-affected zone 
2. Test plate ET-6 split into two 
wes after the second explosion. The 
crack followed the heat-affected zone 
from one end of the plate to the other 
as a shear-tvpe fracture, not a 
tvpe. Numerous transverse 


pulled places were present in the weld 


{ 


in licating that the microftissures were 
trving to come to the surface but didn’t 


urd explosion and tailed as shown in 


Note that 1 T-5 one of the 


verse cracks that oecurred on the 


explosion exter d 


i+ 
riti 


ieat-affected zones one 
12-in. lengths. Plate 


heat-affected zone 


en explosions 


extended 
the 
The reduction f thickness near the 
center of the plate was approximatel\ 
very interesting to note that the 
tests at both 30° and 0° F show that 
when the weld is sound and 


microcracks. failure will oceur 


pally in the heat fected zone. How- 


ever, when the weld contains under- 
surface defects, iilure may oceur 
either along the heat-affected zone or at 
right angles to the weld. It is thought 


that the transverse failures oceur if and 
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Fig. 19 Welded T-1 plates explosion tested at 3 
Axis of weld perpendicular to principal rolling direction 


present close to the 


Explosion Tests at —50° F 
to further evaluate the weld- 


toughness properties ol 


ted zone and weld 
plates were tested 
lge method at —50 
electrode was 
velded in the 

restramt. 

ous tests had 
directional prop- 
int, two test 

the axis of the 
principal rolling 
other two were 
of the weld per- 


rolling direc- 


T-9 and ET- 
ere made with 
to the prin- 
T-9 was made 
and a preheat 
ure of 250° F. 
electrodes as 


an interpass 


wed ho visible 
two explosions but 
es on the third ex- 
n line was mostly 
zone down 
The separation 

a right angle at 
another right- 
| ate material 
‘weld to the 

other cracks 
ffected zone. 

no signs of 


separation 


ch contained 

in the weld 

ible weld metal 
second explosion ut 
it cracks opened up 
ial and transverse 
third explosion. 
he weld metal 


the ansverse cracks 


= 

4 

50° 

urtace of the we 

a 

ing procedures, 

} ha: af 

the plate eat-u ak 

metal, tour 

1 

by the explosion-t 

I The same | 

used nd 

t and } it 

horizonta OSITIO! 

Since some of tl DLLs 

erties of the plat oa 

quite make It. plates ere weldec 

tudinal crack about one inch long in the directior chile ¢ ae. 

heat-affected zone The weld meta welded with the a ae 

uippeared very sound and free of any pendicular to the 

rs ore CKS tior 

Test plate ET-8 showed two age 

ongitudinal cracks of two inch and one- 10 after testing Bot! an 

| ilf incl engt!] respective in the heat- the a s Of the ela pal Tee 

affected zone. Again the weld metal ipal rolling direction So 

appeared very sound and free of an using rebaked electrod a. 

tears or CTAcKs and nterpuss tenipel 

lest plates | r-5 and ET-S were given ET-10 was made si cen 

received, no preheat 

17 -- 

Fig. 17 ee temperature of 75° | Nga 

r 

tr Test plate ET-9 

second e to 2 in. in surface failures alte 

lengtl M@midinal cracks 1n ited into two} 

the | ned up for 6- plOsLol Phe separ urs 

ind failed ilone the heat-af 

} 

in the i, for its entire one side of the we ae go 

length. did cross the weld fae 

lest plate ET-7 was one point and then 

number three na f } k ingle turn again i 

and thence on paral a 

opened up along the eee 

The weld metal sl 

except where the 

rossed it transverse 

Test plate ET oe 

numerous microf 

. metal, showed tl 

cracks after the 

in both the longit ae 

1 

rectio fte 

( n alter 

gain, the detect ite 


to occur. Both plates ET-9 and ET-LO 
showed a reduction in thickness near the 
center of the plate of between S°; and 
10°; 

Figure 19 shows test plates T-11 
after 
with the axis of the weld perpendicular 
to the principal rolling direction. E-T-11 
to ET-10, using elec- 
trodes no preheat, and an 
interpass temperature of 75° FP. ET-12 
T-9 using rebaked 


and 


testing. Both were made 


was made similar 


us recely ed, 


Was made similar to 
preheat and interpass 
Neither plate 
fuilure after the 
Plate ET-11, 
failed 


electrodes and a 
temperature of 250° F 
showed any signs ot 
first explosion at 50° | 
which 


irily 


contained the microfissures 
the heat-atfected 
ond explosion. A 
ume to the surtace 
Plate 
weld 
the 


Zone 
Lew 
in the 


whi h cCon- 


prim along 


ifter the se 


‘AS 


ill era 
ve etal 


tuined the sound separated 
two pieces after second explosion 


Two transverse cracks also developed 
and ran into the 
both 
heat- 


direc- 


across the weld metal 


for several inches Since 


failed 


zone, it 


pinte 


plates primarily along the 


appears that the 
quality 

little 
that the 


properties of firebox 


pinte, has very 


path 


due to rolling 


if any, influence on the 
fuilures will follow 
All of the foreg 
indicate that the 
electrode 
trolled 
Another 
erties of the 
Fig. 20 These are transition 
plotted from the results of both ¢ harps 
and Keyvhole-notch-impact Speci- 


explosion tests 
with the 


arefully 


ing 
welds made 
und a 
procedure are very tough 


the 


metal is 


indication of prop- 


weld shown in 


eurves 


mens. You will note that again the 
rebaking of the ele¢ trodes and the addi- 
tion ol preheat augmented the tough- 
ness properties ol the weld metal 


The reader's attention is also speci ally 
directed to the fact that these 
tion only to weld 
the 


transi- 
curves metal 


deposited in horizontal position 


ana other 


The use of larger weld beads 
positions, such as vertical and down- 
flat, enn change these curves consider- 
ably 

Since many of the Navy explosion- 


the heat- 


to ser 


test 
iffected zone 
if the standard “V"’ 


mens would give an 


plates failed in or near 


an effort was made 
-noteh Charpy 


speci- 
ms of loss 
h toughness in that aren Figure 
for the metal 
iffected zone with the 
No. | from Fig. 20 
sot] 


Whieh 


ol not 
21 shows a transition « 
in the heut- 
transition curve 
vided for 


curves have 


urve 


COMPAPISON PUPPOses 
a peculiar shape 
be due entirely to the welding procedure 
Please that 


weldments that 


used note both curves 
made in 
high 


a pre- 


ire were 


the 
restraint, 


heut 


horizontal position, using 


rebaked electrodes and 
and interpass temperature of 250 

F. Your attention is again called to the 
fact that the Charpy “V-notch speci- 


3S80-s 


mens do not indicate any measurable 
loss of toughness in the heat-affected 
zone. 


Why then did so many explosion tests 


fail along the heat-affected zone? 
Kither there is an impairment of the 


notch toughness in the heat-affected zone 
due to welding that cannot be detected 
by the standard Charpy tests, or else 
the geometrical and metallurgical notch 
effect of the weld and heat-atffected zone 
is causing the failure. It is felt that if 
the weld reinforcement had been entirely 


removed and all undereut areas faired 
in smoothly with the plate, there would 
have been fewer failures in the heat- 
affected zone. However, these tests 


were performed to see how a weld typi- 


TRANSITION CURVES FOR WELD METAL | 


cal of held construction would perform 
under plastic loading. In all of the 
plates a great amount of plastic yield- 
ing, as shown by reduction in plate thick 
ness (SC; to 22° 


%), occurred prior to any 
failure. This is excellent performance. 
Conclusions 

Several large 
cal pressure vessels of T-1 material have 
heen built 
a working 
vessels were 


field erected spheri- 


and placed in service using 
stress of 32,400 psi. The 
not stress relieved. Some 
welding troubles were encountered but 
were quickly overcome through the use 
ol preheat and re-drying of the elec- 
trodes 

2.) Standard suggested b 


tests as 


\ 


1,03" 
| 


AXIS OF IMPACT SPECIMENS 
=) LTO AXIS OF WELD WITH 
NOTCH 4 TO PLATE 


“v"NOTCH SPEC.| KEYHOLE SPEC 


a DEPOSITED IN DOUBLE BEVELED GROOVE, T-| PLATE 
= | MATERIAL, HORIZONTAL POSITION USED, WITH HIGH 
RESTRAINT 

z 

Ww 


icurves ()) @) FROM WELD MADE WITH 
REBAKED ELECTRODES @ 250°F 


CURVES @)@) FROM WELD MADE WITH AS 
RECEIVED ELECTRODES, NOP.H.-1.P.T 75°F 


30" “60° 20° 40° 60° 
TEMPERATURE (°F) 
Fig. 20 Keyhole and ‘'V’’-notch transition curves for E11016 weld metal 

| 

2 TRANSITION CURVE FOR HEAT AFFECTED ZONE AXIS OF IMPACT SPECIMEN | 

4 IN T-|_ MATERIAL TO AXIS OF WELD WITH Axis 

SPECIMEN PREHEATED AND HIGHLY RESTRAINED GF TO PLATE SURFACE 

— WHEN WELDED IN THE HORIZONTAL POSITION 

= NOTCH 

> SPECIMEN, 

+ + + 
| 


+. HAZ - HEAT AFFECTED ZONE TRANSITION 


CURVE 
WM WELD METAL TRANSITION CURVE 
OF FIG2! 
~180° 160° -140° 120° -100* -80° -60° -40° -20° 20° 
TEMPERATURE (°F) 


Fig. 21 
for comparison 
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Transition curve for heat-affected zone with curve No. | of Fig. 20 added 
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| 


various codes may not. satisfactorily 


prove the welding procedure when high 
used \ 
factor should be idded 


tensile material is restraint 
Welding electrodes must be « 
tested 
before they 


ire- 


unde is 


various 
are on high 
ol 
ind 


cout- 


selected for use 
The « 


iInterpass 


tensile material oncditions 


restraint, temperature 
moisture content of the electrode 
aluated, 

content 


ing must be ey 

| \ 
the 
electrode. is 


mormsture ol 0.20%, in 


coating of  high-tensile-strength 
not 


highly 


| | 
Low vl) tor sutis 


enoug 


luctory use on restrained weld- 


ments of T-1 material without preheat 


5 Small microcracks in the weld 


metal that cannot be detected by radio- 
do serousl\ 


inspection not 


the 


graphic 


affect weldment 


performance, as 
shown by the explosion tests. These 
microcracks can be eliminated by USINg 


a low moisture content 


150° F 


trodes with 


together with a munimum pre 


6 \ 


l-in 


of 250° | 
quite satis- 


moderate preheat 


on thickness material 


] 
CTACK- 


notch tough- 


factori eliminates weld-metal 


lowering the 


ing without 


ness of the heat-affe ted zone A ddi- 
tional data should be obtained before 
issuming that satisfactory results simi- 
lar to those above might be expected on 
much lighter materi 

7 At the present time it appears 
that the weld metal from the E11016 
electrode (without vanadium) has the 
best phvsical characteristics It has 
good notch toughness, strength com 


excellent 
the 
ithout | 


parable to material, 
ductilit 

relieving 
embrittled 


s Storing ol these 


the T-1 
and will 


take stress- 


treatment \ 
eles trodes In an 
oven for 24 hr at a temperature of 500 
I’, or rebaking for 1 hi 
SOO" F is 


ata temperature 


ol necessary 


in order to pull 


the moisture content in the coating down 


to O.10°; The 
turers ure irged 
ft} en 
ill not e to 
Bil 
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THE ELECTRO-SLAG WELDING PROCESS 


Russian 
lding Produ fion te 


The Nove mibe r 1956 Issue ol thi 
magazine itured 


thre 


articles on electro-slag welding 
The process has received official atten 
tion us a means of increasing the pro- 
ductivity of labor under sixtl 


5-vear plan. 
I. The Fatigue Strength of 
in Heavy Sections Made by the 


Abstracted by Gerarld E. Claussen 
Dr. Claussen is associated with the D 
stories, Linde Company New 


Slag Process,” by V. Kudrvavtses 
ind N. ML. Savvina 

The joint to be tested had a cross 
section of 6 in. in plates 6 u 
thick. The joint was in the vertica 
position ind was The om 
position of plate and weld metal is given 
n Tab I The FTS-7 flux contained 
15.6% SiO., 27.6% Mn, 2.39% Cal 
2.699% 16.19° and 5.94¢ 
Two ectrodes of ster 
Sv-15G were used The depth 


Table 1—Chemical Composition, %, of Plate and Electro-Slag Weld Metal 


( Ss 
Steel 1S 140 
Weld metal ) 22 0 26 


Vr P S ( 
76 O17 


78 OLS O26 Traee 


Ist 
tre Cs 
to to} 
tiol 
Curre! 
station 
itio? 
/ 
i batt 
rool te 
Che we 


muanstatten 


was 25/, The 
1. from guice 


rate ol 


clec- 
tube 


teed of elec- 


30 ind the speed of mo- 

ng head was IS ipm. 

tay re 500-550 amp 

t ely The elec- 

il ipart and remained 

7 St at the end of each os- 

stance between elec- 

lated from the formula: 

+ 0.24 in., where L is length 
1 P is number of electrodes. 

! notch impact values at 

rature are given in Table 2. 

etal microstructure was Wid- 

as-welded ind equiaxed 

ilizing. The pulsating ten- 


Hea 
(s-welded 
As-welded 
As-welded 


treaiment Sp 


2 hr at 1200° F Plate 
2 hr at. 1200° F Weld 
Normalized | hr at 1690° | Plate 


Normalized | hr at 1690° | 
Normalized | hr at 1690° I 


iffec ted 


1000 p WHI p 
31-35 29-30 
62 78 24-30 
66-70 233-24 
31-36 62 44 31-37 
0-34 2:3--28 
40 20 35 
zone 605 67 23-32 
57-38 60-72 33-35 


wie 

1 é B 
hardness 

9.3-11.0 145 


145 


4-11 6 143 
1-14, 145 
$4140 143 
2.4-14 145 
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Table 2—Tensile and Notch-lmpact Results on Joints Welded by the Electro-Slag Process y 
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frenglth frength Elongation, Reductio 
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STUDIES OF WELDING ARCS USING VARIOUS 
ATMOSPHERES AND POWER SUPPLIES 


luthors report results of preliminary survey of a 


broad program to study many of the variables connected with 


the consumable-electrode gas-shielded welding of steel 


BY T. B. HAZLETT AND G. M. GORDON 


Introduction 

The mechanism of metal transfer across 
a welding are has been the subject of 
sporadic study by scientists and engi- 
\pproximately 
thirty vears ago, Hilpert! reported on 
motion-picture studies of 
the phenomena. Since that time, Doan 
and co-workers extended the work and 


neers lor many yvears 


high-speed 


included an investigation of the = in- 
fluence of various atmospheres on weld 
deposits. This early work was re- 
viewed by Spraragen and Lengyel in 
which all of the pertinent literature up to 
1942 was summarized This survey 
serves to emphasize the fact that many 
details of the phy sies of the are and of 
metal transfer were the subject of specu- 
lution only at the time and many of 
them have not vet been clarified. 

World War Il 
demonstrated the 
welding to high production, was instru- 
mental in adding practicality to funda- 
mental studies of welding ares and has- 


which dramatically 
Importance Of are 


tened the use of more refined scientific 
techniques. Major impetus was given 
to such studies by the work of Muller 
and co-workers." 4 They found large 
differences in are and metal-transfer 
characteristics when different shielding 
Their work also dis- 
closed the sudden transition in the mech- 
anism of metal transfer when the cur- 


gases were used. 


rent density was increased to ver\ high 
values. Ludwig 
studies of drop formation and transfer in 
argon that the 
major tactor in metal transfer across the 
are. Lesnewich,® working along differ- 
ent lines, attacked this problem from 
the standpoint of additions of elements 
or compounds which decreased the work 
function. He attributed the improved 
are characteristics obtained with oxygen 


concluded from his 


“pinch effect” was a 


T. B. Hazlett and G. M. Gordon sare research en 
gineers, Minerals Research Laboratory, University 
of California, Berkeley, Calif 


Presented at the 1957 AWS National Spring Meet 
ing in Philadelphia, Pa., April 8 12 
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additions to argon to the change in work 
function. The articles 
dealing with this general subject® 
primarily concerned with 
the problems associated with the use of 


more recent 


have been 


CO, as an are atmosphere 

The present paper reports results of a 
preliminary survey which was the initial 
step in a broad program to study more 
completely 
connected — with 
gas-shielded welding of steel. 


many of the variables 


consumable-electrode 


Equipment and Procedure 

The present study was designed to 
determine if there was an inherent dif- 
ference in the are characteristics when 
welding with a d-c generator or with 
rectified a-c. The welding generator 
was modified to supply essentially con 
stant potential within the current range 
under study. 
supply characteristics of (1 
ator as received from the manufacturer, 


Figure | shows the power 
the vener- 


2) the generator after modification, and 
(3) the characteristics of the rectifier 
unit. It mia\ be seen that the latter 
slightly 
current curve, whereas the curve for 
the modified 
slightly rising voltage-current character- 
istics in the range of 200 390 amp This 


shows a decreasing yvoltage- 


motor-generator shows 


difference was not considered significant 
for the investigation. 

A commercial automatic feed, inert- 
atmosphere welding gun was mounted 
at an angle of eighty degrees to the 
work and the work moved relative to 
the gun at a speed of 15 in. min. All 
atmospheres were used at a flow rate 
of 60 cfh. 

Deposits were made on freshly 
machined surfaces of y-in. thick AIST, 
1020 rolled plate using diam 
mild-steel welding wire having a nom- 
inal composition of 10% Mn and 0.15% 


carbon, All deposits were made with 


] 
80 + + t i 
ALL MACHINE SETTINGS) & UNMODIFIED MOTOR GENERATOR | 
70 | , AT VALUES YIELDING | 
LEAST vamiaTion © MODIFIED MOTOR GENERATOR | 
IN VOLTAGE 4 RECTIFIER 
50 } + 
a 
"40+ + 
° 
> 
30 
20 
10 T 
re) i wih | 
) 10 200 300 400 500 600 
GURRENT IN AMPS 
Fig. 1 Characteristics of motor-generator and rectifier welding machines 
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Eventually the welgnt ol the drop 
Table 1—Test Conditions 


reat that the upward lorce 


Powe tre Welding Rod feed of the are could no nger support the 
1imosphere Code ipply Polarity oltage current n./min drop. It then touched the plate with 
CO a M.G Straight 27.5 260 243 the short circuit producing an explosive 

b tect Straight 2 260 215 ction; this action is apparently the 
M.G Reverse 27 265 190 
(d 28 O50) 170) cause Ol the legree ol spatter 
Helium (a M.G Straight 27 240 243 connected with all CO; welding 
(bh Ract Straight 28 250 257 The mechanism of metal transfer is 
M.G Revers 97 240) 183 ipparently the same for both straight 
d Rect teverse 28 240 183 and reverse polarity but the size of the 
Argon c M.G teverse 27.5 205 165 molten drops was far less for reverse 
d Rect leverse 28 200 174 polarit Che molten lrops appeared to 
\rgon y ~ & “ be quite cold and an oxide film was 
rovers 97.5 O55 150 schiic? stated that he was unable to 
d Rect Revers rg O55 144 convert this are action to a spray even 
vith LOOO ! n. diam wire 
Current and voltage fluctuations are 
are voltages of 27-28 volts and currents welding wire was found to form a very shown in Fig. 2 in which the two 
between 240 and 265 amp large drop that was supported by the deposits made with straight polarity 
Surface beads were made in atmos- gas pressure in the are column that are shown at the leit hile the traces 
pheres of CO., helium, argon and formed between the bottom of the at t! right were made with the wire 
argon + 5°) Os. using both power drop and the plate This are was positive There is no significant dif- 
supplies. Straight and reverse polarities extremely short and it appeared that the feren n results obtained from the two 
were investigated for all conditions heat was transferred to the rod by power supplies insofar as fluctuations of 
except straight argon where reverse convection of the molten drop The voltage ol irrent during welding are a 
polarity only was employed The test drops were heated at the bottom by the concerned Similar the high-speed 
conditions are given in detail in Table | irc and this heat was transmitted by pictures showed practically identical 
All of the subsequent figures in this a rolling action of the molten metal to ire characteristics luced by the two 
paper utilize the code in the table, e.g the rod, causing additional melting velders 
a) indicates a bead made with straight 
polarity with the motor-generator power 
supp! STRAIGHT REVERSE 


High-speed motion pictures ol the 
ares were taken at a maximum speed VOLTAGE 
of 5000 frames second while the current 
and voltage traces were recorded simul- | 
taneously using 4 direct-writing recorder | 
of the hot wire stylus type. The 
response ol this recorder was better | 
than 60 cycles second but unfortu- 
nately the traces were not too legible at 


A \ 
Val 


these records were not directh repro- | 


ducible but have been traced for presen- 
tation in Figs. 2 and 3 

Surface appearance, penetration and 
bead shape were noted and ure shown - 
in Figs. 4, 5 and 6 (a) (b) (c (d) 
ELECTRICAL CHARACTERISTICS OF ARCS IN CO> 


Experimental Results 


this investigation were revealed only \ 
by the colored high-speed motion 
pictures; in most cases the density of al 
the photographic negatives was too 
great for suecessful black and white 
reproductions Consequently, a verbal 
description will have to suffice to 
describe the mechanism of the metal 
transfer under the various conditions. * Ad 
CURRENT 
Results with CO | 
The mechanism of metal transfer in 
a CO, atmosphere is of considerable 


interest The molten end of the L J 
(a) (b) (c) (d) 


* A colored moving picture was shown when th ELECTRICAL CHARACTERISTICS OF ARCS IN HELIUM 
paper was presented verbally fil 


Fig. 2 Electrical characteristics of arcs in CO» and in helium 


available for loan from authors 
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The surface appearance ot these beads 
is shown at the top of Fig. 4, while the 
depth of penetration and bead shape are 
illustrated in Fig. 6.) It may be noted 
from the latter that the deposits made 
with straight 
flat with moderate to shallow penetra- 
tion. On the other hand, the deposits 
made with reverse polarity reveal deep 


polarity are relatively 


penetration and a much higher bead 
Bead (b) in Fig. 4 shows a much less 
regular contour than (a There is no 
apparent reason tor the different auppeur- 
ance of these two beads either in the 


are action revealed by the motion 
pietures or in the current-voltage traces. 
On the other hand, beads (¢) and (d 


are quite comparable. 


Results with Helium 

Current-voltage traces made during 
deposition of beads under a helium 
atmosphere are also given in Fig. 2. 
Again, there is no significant difference 
in the appearance of the traces produced 
by the different power supplies. The 
motion pictures show that the droplet 
action in the helium atmosphere is 
similar to that in CO... However, a 
significant difference is that the helium 
was intermittently excited. This per- 
iodic glow discharge showed as a blue 
glow within the are plasma in the 
picture. When this occurred the plasma 
extended up the welding wire a signifi- 
cant distance and the wire was heated 
from the sides. The remainder of the 
time the are was confined to the region 
between the bottom of the drop and the 
work. The mechanism of metal transfer 
Was essentially the same as for deposits 
in COs; the droplet Was 
siderably smaller for reverse polarity 
than for straight and the metal transfer 
Was more continuous in nature. Beads 
produced in this series are also shown in 
Figs. 4 and 6. 

The deposits in general were quite 
smooth in appearance but the edge of 
the bead was less regular when the 
motor-generator set was used than 
when the rectifier was emploved on 
straight polarity The bead quality: as 
revealed by the cross sections was not 
aus satisfactory as for COs: «a high 
degree of porosity Was present near the 
top ol the deposits Beads made with 
straight polarity were not as flat) for 
helium as for CO, 


Results with Argon 
Current and voltage characteristics 
of welds made under an itmosphere ol 
pure argon with reverse polarity are 
shown in Fig. 3. In this ease, signifi- 
cant differences in the are action were 
found for the two different tvpes of 
power supply. The motor-generator 
traces were consistently more errati 
than those from the rectifier. This 
difference was reflected in the motion 
The metal transfer in the case 


picture 


384-s 


VOLTAGE 


Fig. 3. Arcs in argon and in 
argon + 5%0O 


REVERSE 


| 
| 


VOLTAGE 


| 
J 


(a) (b) 
ARGON 


ARCS IN 


REVERSE 


CURRENT 


(a) (b) 
ARCS 


— 


ARGON 


+ 5% 


of the motor generator was by a com- 
bination of freely falling drops and the 
successive shorting as found in the 
COs and helium welds. On the other 


hand, the are produced by the rectifier 


had a relatively smooth appearance and, 
in many cases, the flow of molten metal 
could be compared to the dripping 
action of cold molasses The pictures 
are, of course, in this respect somewhat 
deceptive since it would be impossible 
to have a continuous molten metal 


stream. The metal probably trans- 
ferred as diserete droplets surrounded 
by a high intensity iron vapor plasma. 

This is the only case studied in 
which any significant difference was 
found with the two different types of 
power supply. The appearance of the 
beads and their cross sections is given 
in Figs. 5 and 6. It may be seen that 
bead (d) was considerably broader and 
flatter than This difference cor- 
related with the oscillographic traces 
and the motion picture. There was 
an appreciable amount of fine spatter 
immediately adjacent to both beads, 
but particularly (ce). 


Results with Argon + 5% O, 
The extreme smooth are action 
produced when 5% oxygen is present 
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in argon is shown by the current voltage 
traces in Fig. 3. This uniformity of 
are action was also revealed the 
motion picture in which the metal was 
transferred by discrete droplets within 
a plasma having two distinet regions 
It is believed that the inner cone was 
iron Vapor and the surrounding envelope 
a mixture of excited argon, oxvgen and 
iron vapor. The droplet formation 
sequence for both straight and reverse 
polarities are shown in Fig. 7. At the 
particular current and voltage used in 
this study, these drops were transferred 
at a rate of 30-40 per sec. The dif- 
n are length with straight and 


ference 
reverse polarities (when the same voltage 
is clearly evident in Fig. 7. 
The difference in rate of metal transfer 
is shown by the rod feed values given in 


Table 1. 


was usec 


Summary 

For COs, helium and argon plus 5°; 
significant difference — in 
are characteristics, bead 


oxygen, no 
shape or 
penetration was found between using a 
modified motor-generator set or rectified 
a-c. For pure argon, however, signifi 
cant differences in are action and bead 
shape were observed. 
high-speed motion 


From picture 
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STRAIGHT 


Fig. 6 Sections 
of weld beads 
made under var- 
ious atmospheres 


studies, it Was observed 


current and heat 
several 


which oceurs when CO 
g is the formation of large 
molten drops that are attached to the 


shielding gas 


welding wire and 


pressure ol the are column 


weight ol 
lorce the drop 
causing short 
explosively 
other mechanism 


plus oxygen 


discrete metal droplets being transferred 
smoothly across the are 


to the work 


pheres of helium and 


mechanisms. 


detaches the drop. 


shielding, 


REVERSE 


that metal, 
transferred 
One ot 


supported by 
When the 
the drop exceeds the are 
touches the 


by 


from the wire 
Metal transfer in atmos- 


ure TAN 


these 


is used as the 


STRAIGHT REVERSE 


Fig. 7 Metal 
transfer in argon 
+ 5% O 


shielded arcs 


HELIUM 


ARGON + 5% 0, 


Straight polarity Reverse polarity 


be described as a mixture of these two Arc.’ THe Werpine Journatn, D 
er 


with ionization and excitation of the 
ies of the Are and the Transfer of Metal in 
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DESIGN—ITS INFLUENCE ON RESIDUAL STRESS 
AND BRITTLE FRACTURE 


Paper discusses the relationship of residual stresses to brittle 


fracture as experienced in railroad car components; also, it points out 


the important influence of design in alleviating the difficulty 


BY J. L. THOMAS 


Introduction 

This paper discusses the work done by 
the Research and De velopment Depart- 
ment in studying the subject of brittle 
fracture in one of the components Of car 
construction. It 
the relation of residual stress to such 
fracture and the important influence of 
design ‘n alleviating the difficult) 


endeavors to show 


Any attempt to explain th 


nomena of brittle fracture would 


highly presumptuous considering — the 
great amount of effort and time that has 
been spent on this subje et over a pe riod 
of many years by eminent authorities in 
the field 

It would seem the question of brittle 
fracture was first raised, as a matter of 
record, in a meeting of the British Lron 
and Steel Institute in 1879 by Nathaniel 
Barnaby. It is further recorded that 
Barnaby did not receive a satisfactory 
answer to his question, and the meeting 
broke up in disorder. 

At present there still seems to be some 
lack of general agreement as to causes 
and origin of brittle fractur« Now 
mention of brittle 
involves the 


since any fracture 


immediately second sub- 
iect of residual stress, we must define 


what we mean by the term residual 
stress.”" The most 


inclusive 


simple and all- 
definition would seem to be 
stresses existing in bodies completely 
divorced from any external forces.” 

The different kinds of residual stresses 


in steel and the origins of each are many 
and varied; but for the purpose of this 
presentation, we are concerned with 
residual stresses from any and all causes 
interested in all residual 


stress in its effect on the design 


since we are 


Let us say that we admit residual 
stresses can be caused from variations 
in temperatures and pressures in the 
rolling operation and from metallurgical 
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Fig. 1 PS-1 conventional 21- in. 

welded bolster with underframe as- 

sembly 

before d after rolling 

certainh welding can ‘reate 

sify welding st “as 


Stresses ‘ and here 


differences 
\lost 


residual stress. iuthorities clas- 


residual 
s also a separat 
reactiol 
ese different 
residual stresses art 


determining stored 


purpose 
and whil 
they are important residual stress 
analysis, they are not given separate 
ition her 

ht be asked at this point 
difference in action of stre 
defined under our | 
residual and those cle 
stresses? At what 
circumstances are they 


super- 
Under what I] 


conditions are all 


STRESSES 


WELDED BOLSTER, 2!" TOP COVER PLATE 


Fig. 2. Areas of high welding stresses 
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1 working 
advantage 
under 
differ- 


iurticularly 


eonaditions perature 


ential? 

It would be well to quote from Wil- 
Osgood’s 

“The 

is that residual 
plastic flow, 


stresses 
point 1 
stress 
in exceptional ¢: they mav be used 
il or adverse 

therefore, 

pediting or 

is helpful or 


compilation 
states tha The ‘proof’ of the adverse 
influence 
therefo on the continued experience 
that 1 lead satisfactory 


stress rests, 


fabric: 
this paper that 
es a great deal 
ntinued testing 
esidual stresses 
We are unable 
accuracy of a 
d opinion that 
n a welded 
ie “self re- 
posites or com- 
orking strains. 
depending on 
design, such 
not be “self 


contrary, could 


ONVENTIONAL BOLSTER WITH COPES @ 
OO% PENETRATION OF ¢ EAM WELD 


Fig.3 Typical web ‘copes’ and center- 
sill seam weld 


387-s 
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Fig. 4 Open web bolster—bcttom view with open webs and one-piece bottom 


cover plate 


account) for failure from premature 
Iracture 

It would seem logical that procedure 
und various techniques developed for 
laboratory usage in setting up tests for 
residual stress and in) working with 
laboratory usually en- 
counter difficulty establishing firm 
valuation and only indicate some order 


specimens 


of magnitude. 
to 
compilation 


quote Campus from 
“The measure- 
ment of residual stresses requires more 
enution than the measurement of 
ordinary stresses, and the measurement 

residual stresses often has more the 

iilitative significance of «a proof of the 


of residual stresses rather 


in the quantitative significance of a 


determination.’ The many 


pre 
tests conducted in this field by recog- 
nized authorities would seem to bear out 
the truth of the Campus quotation. 

In general laboratory specimens do 
ot reproduce the effeets of residual 
stresses large structures, which in 
represent an assembly of many 
omponents. But if the 
test establishes am 


of magnitude, such information should 


laboratory 
appre ( inble order 


he of great value as an aid in the design 
of the final structure 


However, we leave the analvsis of 


residual stresses with its many ramifica- 
tions in the hands of those far better 
qualified and state simply that we feel 
that residual stresses do contribute to 
brittle fracture. Now brief case 
history of a specifie fracture problem in 
actual railway car components will be 
presented with the results attained in 
alleviating this problem. By design- 
ing the component with the primary 
reducing the residual 
stresses to a comparatively lower level, 
we have attained a much more satis- 


objective of 


factory solution to our fracture problem. 
Brief History of Box Car Bolster 
Fracture Problem 

The fracture problem is a matter of 
serious concern to the manufacturers 
of freight cars and to the operators. A 
survey was made several years ago in 
which some 5000 box cars of various 
builders were examined and a smal! 
percentage of these cars were found to 
have fractures in the bolster center sill 
region. 

All bolsters must meet the specifies- 
tions of the American Association of 
Railroads with the result) that such 
bolsters have generally exhibited satis- 
factory service performance, 
inal welded bolster, with none of the 
later improvements directed toward in- 
creased low-temperature fracture re- 
sistance, was substantially stronger 
than the standard AAR type as de 
termined by both statie and dynamic 
tests of full size specimens. When this 
bolster was impact tested in a fully 
loaded car at ambient temperatures, it 
withstood repeated impacts at 10 mph 
without fracture. Only when tests 
were conducted with the bolsters  re- 
frigerated, were brittle fractures ex- 
perienced. Generally the field inspec- 
tions of cars in service showed its per- 
formance to be highly satisfactory until 


Our orig- 


Fig. 5 Open web bolster—top view with "'stress relief’ holes and restraining 


clamp arrangement 


Fig. 6 Straight-edge measurement at top cover plate inboard edge—"horizontal 


deformation” after 12 mph impact, '’, in. 


OSS-s 
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higher speed train make-up developed. 
Then all types of bolsters began to show 
occasional brittle fractures depending on 
how frequently the combination of high 
impact speed, rigidly-loaded cars and 
extremely-low temperature was en- 
countered. 

Time does not permit 
history of the many tests conducted 
over a period of years, but certain 
salient points developed in our search 
for better performance will be presented 


complete 


Our research tests were conducted on 
an impact testing ramp built for 
dynamic testing of railway cars. The 
ramp is designed to produce impact 
speeds up to 1S mph. 
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ln testing thie car bolster-center-sil| 


aurea, the test car was usually loaded 
with steel billets secured with cribbing 
to insure a highly compact load in orde I 
to concentrate impact forces in the car 
underframe. The striking or hammer 
car was a 50-ton hopper car loaded with 
kiln-dried sand to its rail capacity of 
169,000 Ib. 

At the higher impact speeds, forces mm 
excess of 1,000,000 Ib were recorded 
between the struck and the striking car. 
To give some idea of ratio of impact 


speed and force developed, one mph 
equals 100,000 of force, thus 12 
mph would equal approximately 1,200,- 
Ib. 

This test procedure is purposely far 
more severe than would be expected in 


the most extreme service conditions. 
The test car load of steel billets is 
secured with cribbing and compacted to 
secure maximum rigidity. Our purpose 
in impact tests of this nature is to 
create fracture at lowest possible impact 
speed. 


Fig. 7 Front view of three tensile specimens, all dimensions identical, thermc- 


The test car was instrumented with coupe touds 


strain gauges, accelerometers and other 
forms of instrumentation to measure its 
forces and action. The signals from 
these instruments were carried to the 
instrument room where they were 
recorded on photographie paper for 
later study and analysis. High speed 
cameras were also used as further aid 
in analysis. 


In over 250 impact tests many types 
of bolster and bolster-center-sill con- 
figurations and arrangements have been 
tested including conventional bolster 
types, riveted or welded. in- 
formation gained in these various tests, 


the following general facts have been 
established: 


The substitution of a  26-in 
wide rectangular cover plate 
for the conventional 21 in. 
width, with no other changes, 
did not prove satistactory. 
However, the 21l-in. top cover 
plate with the latest copes and 
production welding sequence 
showed considerable improve- 


ment. 


» The use of a material less notch- 
brittle at critical temperatures 
does minimize fracture. How- 


ever, such material as a_re- 


placement of open-hearth stee! 


adds an economic burden where 


cost is a very important factor. 
3. More satisfactory experimental 
results, as developed in our re- 
search experience, have been 


obtained by meticulous atten- 
tion to designing to avoid 
notches and stress concentra- 
tions or, wherever practical, to 
locate these stress concentra- 

tions in areas of lower working Fig. 9 Specimen in testing machine ready for pull test. Note refrigeration tank 
and by incor- at lower left 


stress levels, 
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SPECIMEN NO! 


° 


° 


o 


LOAD iW 1000 LBS 


= 
| 
SPECIMEN NO! 


SPECIMEN NOS 


40 80 120 INCHES 
TOTAL ELONGATION 


SPECIMEN NO 2 
AS WELDED STRESS RELIEVED aT i200°F 


SPECIMEN NOS 
AS WELDED WITH 
STRESS RELIEF HOLE 


TEMPERATURE OF ALL SPECIMENS 
AT TIME OF FRACTURE -30°F 


Fig. 10 Reproduction of recorder chart from the testing machine. Insert at 
bottom is added to show comparative elengation 


porating stress-relief “copes” 
and holes in areas of high stress 
concentrations. 

Our most encouraging results have 
been accomplished with this concept as 
the objective: and it covers, in general, 
the areas which we wish to emphasize 
in this presentation. 

Figure | shows typical conventional 
welded bolster with 21 in.-wide top and 
hottom cover plates, assembled in box 
ear underframe. 

The conventional 21-in. welded bol- 
ster, indicating areas of welding stress 
concentrations, is shown in Fig. 2. 

Figure 3 shows the development of 
the cope at center sill and bolster web 
junction. The center sill joining weld 
was increased to 100°) penetration in 
the bolster areas. 

Open-web experimental bolster is 
shown in Fig. 4. Butt welds are re- 
moved at junction of center sill and 
bolster webs. Lower cover plate is one 
piece and “sole plate” is combined with 
bolster center plate. 


Fig. 12 Method of clamping to close fracture after test 


390: s 


Open-Web Bolster (Experimental) 

In the open-web bolster, as developed 
in the Research Laboratory, we elimi- 
nated the butt welds at the junction of 
lower cover plates to center sill flanges. 
This was accomplished by using a one- 
piece lower cover plate. The former 
separate “sole plate’? with its attendant 
welding was removed by combining the 
“sole plate’ with the bolster center 
plate. In addition, the former butt- 
welded connections of bolster webs at 
vertical face of center sill were com- 
pletely removed. We thus attempted 
to eliminate or reduce those areas of 
high residual stress concentration where 
in previous tests brittle fracture origi- 
nated at low temperature levels. 

Figure 5 shows the restraining clamps 
used to prevent local plate buckling 
since the former transverse welds join- 
ing the top cover plate to center sill in 
previous tests of conventional bolster, 
proved to be a principal origin of frae- 
ture. These transverse welds were 
omitted in open-web design. The two 
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Fig. 11 
fracture 


The three specimens after 


longitudinal welds not shown in this 
picture joining the cover plate with 
center sill are fillet welds, and they 
terminate approximately one inch from 
inner edge of the one inch diameter 
relief holes drilled in top cover plate. 
The same relief holes and longitudinal 
fillet welds with the same weld termina- 
tion is present in previous pictures of 
bottom view of bolster but is covered 
by “sole plate’’-center plate combina- 
tion. 

Attention should be called to the 
stress coat pattern in the picture. The 
car was impacted at 6 mph at room 
temperature or approximately 70° F. 

Both top and bottom cover plates are 
21 in. wide and !/, in. thick. The ma- 
terial is mild steel to our specification 
Number 517, commonly called hot- 
rolled open hearth. However, — plat 
edges are universal rolled mill edge and 
are not sheared in width. This insures 
a degree of freedom from notch sensi- 
tivity as established by test. 

With regard to horizontal deforma- 
tion (Fig. 6), we are unable to show a 


Fig. 13 Specimen Ill with fracture closed after test. Note 
original 1-in. hole is now 1.505 x 0.938 in. 
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direct comparison of the open web witl 
the conventional bolster since deforma- 
tion tests of the conventional type wer 
made at ambient temperature and the 
resulting horizontal deformation shows 
approximately °/;. permanent deforma- 
tion at 10 mph. In the case of the 
open-web bolster, horizontal deforma- 
tion is approximately '/, in. at 12 mph 
refrigerated to minus 19° F. 

Table 1 treats with four welded 
bolster tvpes and comparative resistance 
to fracture under impact test in test 
laboratory. The substitution of 26- 
in. wide cover plate from the conven 
tional 21 in. width does not show im- 
provement. 

In Fig. 7 there are shown the three 
tensile specimens with thermocouple 
leads attached. Number [| is in “as- 
welded” condition. Number IL has 
been stress relieved at 1200° F. Num- 
ber III is in as-welded condition and 
shows one inch diame ter reamed hole in 
area of expected fracture All speci- 
men edges are machined to minor 
width of 5.500 in., to tolerance of 0.005 
The major plate width at ends is 8.000 


n.: the material is -in. mild steel, al 


specimens cut trom same plate ‘ 

Grid lines in. interval, on back 
face of specimens & shown in Fig. 8 
These grid lines are for elongation 
measurement after testing 

Figure 9 shows specimen in testing 
machine ready for test Two thermo- 
‘ouples were used in every case, one on 
the web and one on plate of specimen 
The temperature at start of the three 
tests was —30° +4° F. 

In Fig. 10, there is shown an exact 
reproduction of recorder chart from the 
testing machine The load at fracture 
point in the three tests shows as almost 
constant 164,000 pounds and the 
chart insert at bottom of figure shows 


elongation 


Fig. 14 Elongation chart of Specimen 
|, as-welded condition 
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Table 1—Impact Performance Comparison of Conventional Welded 21-In. Cover 
Plate |No Copes in Webs| with Welded Open Web Bolster 


zonta 
lest procedure Res eformation 
Conventional bolster Impacts at 4, 5, 6, Brittle fracti ture occurred be- 
if 16.7° | mpl cover plate I fore any apprecia- 
sill area-st! ile deformation 
end at 6 mpl! 
No fracture in bo \pprox In. at in 
1 edge ol top 
plate at 12 
p cover 
t opposite en 


12 mpl 


| three specimens at fracture are 

vn in Fig. 11 : fracture lines 
are straight and Iracture oceurred 
where expected. 

Figure 12 is a elo up 
specimen clamped to close fracture 
asurement can that elon- 
The grid lines ion of pla tbove fracture line ts 


that exact elongatio1 
he taken from grid fiels 
ire taint : we did not affect plate y i | it plate longitu 
f note) din nter | 1 the me manner as 
13 is a close-up pieture of | rt Owe longation Is 


Specimen IIL clamped to close fracture in Specimens 


The elongation of spe n and widtl elongation o! 


reduction in area of hol pronounced t] t er } ime! 0 27 in. lengtl 


The original hole diamet f 1.000 1 


Specimen 
test is 1.505 x oS in, after test t nad | imen III as 


before 
Figure 14 shows 

velded conditio1 TI f hor gure | 4 What can happet 

! ntentional weld 

ld not called for 


tion measurements were taken n design, of the 


upper and lower reterence lin tyvpicns 


all three specimens Final elonga- 


height gauge and indicator from surfac cimens We 4 ally made four, one 


plate. Bar graph comparisons for elon of instrument ecalibra- 


gation are true seal It may be noted tior ny consistency, ete. In 
that edges of plate, show more elonga- the fabrication of all four specimens, the 
tion than center, due to resistance of the s-in. web w: sitioned by a tack 
web. j as shown in 
Specimen IL ts identical to Specime: I represents 4 
|. except that it is postheat treated ls | xampl ol oa weld noteh 
1200° F (Fig. 15 Note that elong: ig lecided to | | test this 


Fig. 16 Elongation chart of Specimen 
lll, as-welded condition and one inch 
hole at web termination 


Fig. 15 Elongation chart of Specimen 
ll, stress relieved at 1200° F 
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Fig. 17 Example of weld notch trigger 
in calibration specimen. Tack weld at 
web end caused fracture 


calibration specimen with the result 
shown in this picture. The area cf the 
specimen in the reduced width equals 
2.750 sq in. and the area at actual frac- 
ture was 4.000 sq in. The chevron 
pattern as shown in this figure leaves 
no room for doubt as to origin of frac- 
ture. This unintentional tack weld 
was also present in the three specimens 
as presented in this paper. A! .-in. 
hole drilled close as possible to end of 
web (Fig. 7) stopped the “trigger” ac- 
tion. 


Postheating or Stress Relief by Heat 
Treatment 


We believe that complete stress reliet 
by heat treatment in a welding com- 
posite is a sure way of securing increased 
ductility, though it would not be the 
only way. 

The impracticability of stress reliev- 


ing (or postheating) of large weldments 
is recognized because of problems conh- 
nected with transfer, furnace limitations 
and cost. 

We believe that by following a similar 
plan as outlined in our bolster develop- 
ment, satisfactory results can be ob- 
tained without resorting to postheating 
with its attendant burden of added 
cost. 

We expect someday to try preheating 
the components of large weldments in 
the material form, prior to welding 
assembly, as presented by Professor 
DeGarmo, and we are not in disagree- 
ment with his argument. 

However, as stated before, this paper 
is largely a history of experience in sa 
continuing endeavor to improve the 
product and at the same time to lower 
eost of production. 


THE ELECTRO-SLAG WELDING PROCESS 


Continued from page 381- 


sion fatigue tests (Table 3) were mace 
at 2200-2400 epm on specimens 2 x 3 in 
cross section, 20 in. long. Peening was 
performed with «a cam-actuated me- 
chanical hammer delivering «a 2.2 ft-lb 
blow 3000 times per minute 

2. “Fatigue Strength of Machined 
Joints Welded by the Electro-Slag 
Process,”’ by S. Sinadsky and I. N. 
CGradbov. 

The joint to be tested has a cross 
section of 1.10. 3! .in. A single 
electrode, Type Sv-15 G (Table 4) was 
used. The distance from slag puddk 
to guide tube was 2.4 in. and the depth 
of the slag puddle was 2 in. The rat 
of feed of electrode was 1S7 ipm. The 
rate of welding the joint was 0.55 ipm 
Current and voltage were 480-500 amy 
ac, 48-50 v, respectively. The horizontal! 
oscillating speed on the electrode was 
ISipm. Flux FTS-7 was used. 

The rotating bend fatigue strength (10 
million eyeles) of * yin. specimens cut 
from the normalized weld was 25,000 
psi, compared with 23,500 psi for the 
plate. The welded specimens broke in 
the base metal or along the fusion line. 

3. “Primary Crystallization of Elee- 
tro-Slag Weld Metal,” by V. L. Kotov. 

The macrostructure of electro-slag 
welds consists of two zones, an outer 
columnar zone and an inner equiaxed 


Table 3—Fatigue Test Results Based on 10 Million Cycles 


Heat treatment 
\s-welded Plate 


Fatique 
ngth, psi 
22 , 000-23 , 500 


Specimen 


\s-welded Weld not machined flush 12,000 
2hrat 1200° F Weld not machined flush 15,600 
lhrat 1690° F Weld not machined flush 16,400 
(s-welded Weld machined flush 20,000 
2 hr at 1200° F Weld machined flush 22 000 
Il hrat 1690° F, then 2 hr at 1200 Weld machined flush 20.000 
\s-welded Weld not machined flush but peened 25, 000 
(s-welded Weld machined flush and peened 24.500 


Table 4—Chemical Composition, %, of Plate, Electrode and Weld 


(" 
Steel 22K, 3.6 in. thick 

s-in. Sv-15G electrode 0 16 
Weld metal 017 


Mn Si P S 
0.72 0. 30 0.011 0.01 
0.93 Trace 0 O18 0 02 
0 62 () 22 0 021 0 02 


zone. Occasionally cracks occur in the 
inner zone. The chemical composition 
is the same throughout the cross sec- 
tion of the weld. Tensile and impact 
specimens were cut from several loca- 
tions in the welds, which had been heat 
treated in two ways: (1) Normalized at 
1650-1690° F, then drawn at 1200 
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1240° F; and (2) stress relieved twice at 
1200-1240° F. Good properties wer 
obtained in every instance except for a 
longitudinal impact specimen cut from 
the center of the weld. This specimen 
had only 1.6 mkg/em? compared with 
6.7 to 16.1 mkg/em? for the other 
specimens. 
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WELDING ROD CLINIC 


J. Imperati and R. F. Pulver, Welding Engineers 
The American Brass Company, Waterbury, Conn. 


Velocipede frame of 2”’ mild steel tube braze welded with 4%’ Anaconda-997 (Low Fuming) 
Bronze W elding Rod. The quickest, most dependable and economical method of joining steel 
tubing says manufacturer, The Frank F. Taylor Co, 


Many articles of steel in widespread use 
are, or can be, economically assembled 
by oxyacetylene braze welding. Typical 
of one group are items made of round 
and square tubing, such as school and 
office chairs, equipment handles, and 
frames for bicycles and wheeled toys, 
portable generator sets, and motor scoot- 
ers. Another group uses sheet metal, 
formed moldings, rods, castings, and 
forgings to make cabinets and enclosures 
for sinks, refrigerators, files, etc., office 
furniture, wrought-iron furniture and 
decorative items, storm sash and screen 
frames, auto-body parts, and others. 


Advantages. The advantages of braze 


welding are fully realized by the use of 


File cabinet panel of #18 gage mild steel 
has corners braze welded with Anaconda-997 
Rod. Revo-File Co. gets 14 superior welds 
in 7 minutes. 


Anaconda-997 (Low Fuming) Bronze, 
Tobin Bronze-481 and Nickel Silver-828, 
because of the low temperature of appli- 
cation, excellent control, and the sim- 
plicity of joint and jig design needed for 
efficient production. Since the low tem- 
peratures do not melt the steel, the weld 
metal is very easily controlled, and there 
is no need for skilled manipulation of 
welding rod and flame, as in fusion 
welding. In addition, there is less tend- 
ency to distort the work because of the 
low temperatures used and the excellent 
ductility of the weld metal. 


Simple jig design. In most cases the 
joints are of such size that they can be 
made in a single step by heating from 
one side only. This simplifies jig design 
and reduces handling operations. 

Savings in joint preparation. The 
molten braze-welding alloys easily bridge 
the gaps resulting from poor fit-up, and 
readily build up smooth fillets to de- 
velop maximum joint strengths. The cost 


ANACONDA’ 


WELDING RODS 


Made by 
The American Brass Company 


BRAIE WELDED 


of joint preparation is minimized since 
there is no need for accurate fit-up. 


Flame fluxing. A widely used adjunct 
to braze-welding operations is a vapor- 
fluxing device, installed in the fuel-gas 
line, to supply a uniform small amount 
of flux through the flame. In this way, 


the joint surfaces are protected from 


oxidation just as soon as heating ts 
started, and the braze-welding operation 
is expedited through complete fluxing, 
increased weld fluidity, less tendency to 
fume, and elimination of separate fluxing 
operations 

For More Information. Anaconda dis- 
tributors will gladly help in the selection 
of the exact rod for your job. Or write 
for a copy of new Publication B-13. 
Address: The American Brass Company, 
Waterbury 20, Conn. In Canada: 
Anaconda American Brass Ltd., New 
Toronto, Ont. 57111 


School furniture. With Anaconda-997 Rod, 
Peabody Seating Co. gets 18 well-shaped 


braze welds for each chair in about 8 minutes, 


4 
teel products are quickly, economically assembled by Braze Welding 2 
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George W. Rabe, Welding Foreman at Wilmot Engineering Co., says: 


Unerring Accuracy. Perma 
nently magnetized tracer 
hugs steel template. Knurled 
roller follows most intricate 
shapes at constant speed. 


“When it comes to cutting, 
our *42 Camograph is a jack-of-all-trades” 


The Airco #42 Camograph shown at left has eliminated much of the manual ‘4 
flame cutting operations in the White Haven, Pa., plant of the Wilmot Engineering 
Company. Welding Foreman, George W. Rabe, appreciates the way it can be 

set up, leveled and put to work anywhere in the shop in just a matter of minutes. 
Accurate Camograph shape cutting reduces the need for machining of many 


parts including sprockets, lugs and shaft arms. It is often used for moderate 7 
production runs of identical pieces 

Learn more about the versatile #42 Camograph and put its many 
time and labor saving features to work for you. Contact your 
nearest Airco office or call your local Authorized Airco Dealer 
for details. Ask for Catalog ADC 853. 


Three cuts by the ~42 Camo 
graph eliminated extensive 
machining to produce this 


intricate piece. 


AT THE FRONTIERS OF PROGRESS YOU'LL FIND... SES ee ee 
—— Air Reduction Pacific Company 
AIF RCO Air REDUCTION SALES COMPANY nternationally 
n Cuba 

—) SS; A division of Air Reduction Company, Incorporated Cuban Air Products Corporation 
150 East 42nd Street, New York 17, N. Y. in Canada 5 

Offices and dealers in Air Reduction Canada Limited 


most principal cities 


Products of the divisions of Air Reduction Company, Incorporated 
— carbon dioxide — gaseous, liquid, solid | 
carbide * COLTON — polyviny! acetate 


nciude: AIRCO ndustrial gases, welding and cutting equipment, and acetylenic chemicals * PURECO 
DRY-ICE''}) © OHIO medical gases and hospital equipment * NATIONAL CARBIDE pipeline acetylene and calcium 


alcohols, and other synthetic resins 
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